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A  DESCRIPTIVE  CATALOGUE  OF   THE  MAMMALS 

OF  NORTH  CAROLINA,  EXCLUSIVE 

OF  THE  CETACEA. 

BY  O.  S.  BItlULBY. 

This  Hat  is  intendeJ  to  represent  our  present  knowledge  of 
the  occurrence  and  distribution  of  the  land  Mammals  found 
within  the  limits  of  the  SLite  of  Norlh  Carolina,  together 
with  keys  to  the  orders,  families  and  genera,  and  brief  descrip- 
tions of  the  various  species. 

The  keys  are  mainly  adapted  from  Mr.  G.  S.  Miller's  "Key 
to  the  Laud  Mammals  of  Northeastern  North  America,"  but 
some  use  has  also  been  made  of  Dr.  Jordan's  well  kaowti 
"Manual  of  the  Vertebrates." 

The  material  on  which  this  list  is  based  is  as  follows: 

L    Collections  of  Mammals  Made  in  North  Carolina. 

1.  A  collection  of  the  smaller  mammals  of  Bertie  county 
made  for  the  author  and  his  brother  by  Mr.  T.  A.  Smithwick, 
of  Walke,  and  Mr.  J.  W.  P,  Smithwick,  of  Sans  Souci,  in 
1892,  1893,  and  1894.  The  collection  comprised  nineteen 
species,  the  largest  being  the  Flying  Squirrel  and  a  list  of 
them  was  published  by  the  author  in  the  A7nencan  Naturalist, 
March,  1897. 

2.  Specimens  received  from  Mr.  J.  S.  Cairns  (now  deceased), 
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of  Weavcrvi'llc,  Buncombe  counir,  comprising  sisteen  species 
of  ihe  smaller  m;iiiimiil3  of  that  rcffion,  the  larjrcst  being  the 
Red  Rquir:ei.  .V  Slnrnosed  MoIe  was  also  received  from  Mrs. 
l'airf>  altei  lici  .  -1  anil's  death.  (Collecting  was  done  from 
alAut  :891  to  ISV-i    \ 

a.  In  1S72  Jr.  Kl  i^i  i  t'oues  collected  a  number  of  natural 
Iiihiurv  ^l'^^  imens  ri  ar  Fort  Macon  and  published  notes  on 
them,  1  i;^litoen  spei;ies  mainly  of  the  larger  mammals  being 
observed. 

4.  In  1897  Mr.  E.  T.  Young  collected  small  mammals  in 
Currituck  and  Perquimans  counties.  The  results  of  his  col- 
lecting were  published  by  Mr.  S.  N.  Rhoads. 

5.  Collection  from  Roan  Mt.  in  18^7  made  by  Mr.  S.  N. 
Rhoads. 

6.  Collections  from  Roan  Mt.  in  1887,  1892,  18')3  and  1894 
made  by  and  for  the  United  States  Biological  Survoy. 

7.  Skulls  and  skins  of  a  number  of  furbearing  manmials 
trapped  by  Mr.  Walton  E.  Slotie  from  1897  to  1900  in  the 
neighborhood  of  Rosebay,  Hyde  county. 

8.  From  about  1888  to  1900  my  brother  and  myself  collected 
small  mammals  near  Raleigh,  in  Wake  county,  a  list  of  which 
was  published  in  the  American  Naturalist,  May  1897. 

9.  Specimens  received  by  the  State  Museum  at  Raleigh 
from  various  parts  of  the  State.  These  have  been  mainly  of 
the  larger  species. 

II.    Eecobds  of  Nokth  Carolina  Mammals. 

Records  of  North  Carolina  mammals  scattered  through  the 
papers  of  American  Mammalogists.  (A  list  of  all  papers  con- 
sulted by  the  author  will  be  found  at  the  end  of  the  catalogue.) 

HI.    Lists  of  the  Larger  and  Better  Known  Mammals. 

Lists  of  tlie  larger  and  better  known  mammals  of  their 
vicinity  received  from  Messrs.  J.  II.  Armfield,  Guilford  county; 
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R.  W.  Collett,  Cherokee  county;  R.  D.  Poxhall,  Edgecombe 
county;  N.  W.  Fain,  Buncombe  county;  K.  E.  Sbore,  Forsyth 
county;  T.  A.  Smilhwick,  Berlie  county;  Dr.  J.  W.  P.  Smith- 
wick.  Lenoir  county;  Miss  Maprgie  Wicker,  Moore  county;  and 
Dr.  Diinalil  Wilson,  Cherokee  county,  to  all  of  whom  I  am 
very  much  indebted  for  the  information  furnished. 

Thanks  are  also  due  to  Messrs.  H.  H.  Brimley,  Curator 
State  Museum,  Ralcisfh,  N.  C;  Dr.  Witraer  Stone,  Academy 
of  Natural  Sciences,  Philadelphia;  G.  S.  Miller,  Jr.,  United 
States  National  Museum;  S.  K.  Rhoads,  Philadelphia;  Dr.  J. 
A.  Allen,  American  Museum  of  Natural  History,  New  York; 
Oulram  Bangs,  Bost.m,  Mass.;  and  especially  to  Dr.  C.  Hart 
Merriam,  Chief  of  the  L'niicd  States  Biological  Survey,  for 
information  given  and  assistance  rendered. 

The  class  Mammalia  comprises  warm  olooded  vertebrates, 
usually  clothi'd  with  hair  and  never  witti  featliers,  A  number 
of  other  characteristics  define  the  cla-is,  but  the  warm  blood 
disiingi:islie3  it  from  all  oihcr  classes  of  animals  except  the 
birds  and  these  are  distinguished  from  mammals  by  the 
presence  of  feathers. 

In  the  following  catalogue  the  orders  and  families  are 
arranged  in  the  same  sequence  as  in  *Jordan's  Manual. 

Sixty-six  species  and  subspecies  are  credited  herein  to  North 
Carolina,  and  are  numbered  seriaiiy  from  1  tof)6.  Nine  other 
species,  not  yet  known  to  occur  ar.i  added  in  brackets  without 
numbers,  in  their  proper  places.  Some  of  the  forms  included 
may  be  really  the  same  as  other  allied  forms  also  included,  or 
but  slightly  different,  but  I  have  tried  to  use  as  good  judg- 
ment as  was  possible  in  the  matter. 

KEV  TO  THE  ORDERS  OF  LAND  MAMMALS   OCCURRING   IN   NORTH 
CAROLINA. 

a.  Female  generally  (always  in  our  species)  provided  with  a 
pouch   in   which   the  young  are  carried  for  a   time 

•Manual  of  the  Vertebrates  of  the  Nortbera  United  Stat«s,  bj  D.  S. 
Jordmi,  Cbicago,  1800,  A.  O.  UcOInrg  &  Go. 
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after  birtli.    Order  I.    Marsupialia.    (Opossums,   etc.) 

1,  Females  without  extornjil  poucli  lor- carry  in  }f  the  yoiinn'. 

b.  Fori;   limbs   moditicd   to  serve    as    wings.     Order    II. 

Cheiroptera  (Bats). 
bb.  Fore  limbs  not  mudificd  tn  serve  as  \viuj;:s. 

c.  Toes   provided   wiib    hoofs.     Order   III.     Uiigulata. 

(Deer,  Cattle,  etc.) 
cc.  Toes  not  furnished   wiih  houfs,   but  witli   claws  of 
some  sort. 
d.  Front  teeth  cliisel  sh;iped  and  separated  from  jaw 
teeth  by  a  wide  space.     Order  IV.     Glircs. 
(Squirrels,  Rats,  Mice,  Rabbits,  etc.) 
dd.  Front  teeth  not  chisel  shaped,   tooth   row  nearly 
or  quite  continuous, 
e.  Brain  large,  well  developed.  In  our  species  size 
large,  eyes   well   developed,  muzzle  not 
greatly  elongated.      Order  V.      Ferae. 
(The   flesh  eaters,   Cats,   Dogs,    Poxes, 
Bears,  etc.) 
ee.  Brain  small,  not  highly  developed.     In    our 
species  size  small,  eyes  small  or  rudi- 
mentary, muzzle  eIonj;ate.     Order  VI, 
Insectivora.     (Moles  and  Shrews.) 


ORDER  I,    MARSUPIALIA. 

FAMILY  DIDELPHIDAE  (THE  OPOSSUMS), 

The  members  of  this  family,  which  is  the  only  one  repre- 
sented in  America,  have  50  teeth,  a  prehensile  tail,  and  the 
hind  feet  with  five  toes  each,  the  outer  one  of  which  is  claw- 
less  and  thumb-like.     Our  only  genus  is, 

GENUS  D1DEI.PHIS,  L. 

1-  Didelpkts  virginiana,  Kerr,  Common  Opossum.  Blackish 
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varied  with  grayisli  white,  ears  naked,  leathery.  "L.  28.  T. 
11.  Tlie  Opossum  is  found  tbroug^hout  the  whole  State  even 
in  the  most  thickly  settled  portions. 


ORDER  II.    CURES. 
(the  rodents  or  gnawers.) 

Front  teeth  longf,  chisel-shaped;  cheek  teeth  broad,  short, 
flat-crowned,  a  wide  toothless  space  between  the  front  teeth 
and  cheek  teeth. 

Five  of  the  American  families  of  this  group  are  found  in 
North  Carolina,  and  may  be  disting-uished  as  follows: 

FAMILIES  of  GLIRES. 

a.  Upper  front  teeth  four,  the  second  pair  small  and  placed 
directly   behind    the    first    pair.     Family    Leporidae. 
(Hares  and  Rabbits.) 
aa.  Upper  front  teeth  two. 

b.  Tail  very   broad,    flattened    from    above    downwards. 

Family  Castoridae.     (Beavers.) 
bb.  Tail  round  or  flattened  from  side  to  side. 

c.  At  least  four  well  developed  grinding  teeth  on  each 

side  in  c'scli  jaw.     Tail  bushy.     Family  Sciuridae. 

(Squirrels.) 

cc.  Never  more  than  three  well  developed  grinding  teeth 

in  each  jaw,  tail  close  haired  or  nearly  naked. 

d.  Hind  feet  not  greatly  elongated.     Family  Muridae. 

(Rats  and  Mice.) 
dd.  Hind   feet  and   tail  greatly  elongated.     Family 
Dtpodtdae.     (Jumping  Mice.) 

•L=tatal  length  of  animal  fram  tip  of  no3a  to  end  of  tail  bone  (not  to 
eud  ul  liairs  on  end  of  tail). 

T=laiigtli  of  tail  from  root  to  end  of  vortebrae  (not  to  end  of  hairs). 
Mcaaatemeuts  are  iu  iuches. 
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FAMlOV  LEPORIDAE.       (the  RABBITS.) 

upper  front  teeth  four,  the  second  pair  small  and  placed 
directly  behind  the  others,  which  are  fjrooved  in  front,  teeth 
28  in  all.  Tail  short,  recurved,  eyes  larsje,  ears  long,  soles 
furred.  The  family  includes  the  siiifjle  gcuus  Lepus,  two 
species  of  which  are  found  in  North  Carolina. 

GENUS  LEPUS,  L. 

a.  Post   orbital    process    fused    with    (he    skull    {subgenus 
Limnllagus). 

2.  L.  pahislris.  Bachm.  Marsh  Rabbit  Yellowish  brown: 
tail  very  short,  ashy  not  white,  beh>w.  L.  17.  T.  1.  Ear  2}4. 
Found  in  the  marshes  of  the  c:istorti  pari  of  the  State,  extend- 
ing as  far  north  as  Hyde  county  and  as  far  east  as  Lenoir 
county. 

aa.  Post  orbital  processes  not  fused  zvitli  the  skull,  but  touching 
it  behind  enclosing  a  foramen  {subgenus  Svhilagus. ) 

3.  £,,  jloridanus  mullurus  Thomas.  Cottontail  Kahbit. 
Much  grayer  tjian  the  preceding,  llie  tail  twice  as  long;, 
cottony  wiiite  below.  L.  18.  T.  2  Ear  2]i,  hind  foot  33^. 
Common  throughout  the  whole  State. 

(The  Southern  Varying  }Iare,  Lepus  aineiicanus  virgini- 
anus  Harlan,  a  memb^T  of  a  third  subjj;einis  Li'pus,  which 
has  (he  post  orbital  processes  free  behind,  occurs  in  the  AlJe- 
ghanies  as  far  south  as  Virginia,'  Tliis  is  rusty  brown  above, 
the  tail  dull  yellowish  or  whiti  h  b^low.  L.  19.  T.  2.  Ear  3. 
Hind  foot  5>^.) 

FAMILY  DIPODIDAE  (jERBOAS  AND  JUMPING  MICE). 

Front  teeth  two  in  each  jaw,  in  our  species  grooved  in 
front,  cheek  teeth  usually  four  on  each  side  in  upper  jaw 
(three  in  one  species).  There  is  only  one  American  genus, 
two  species  of  which  occur  in  the  State. 
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GENUS  ZAPUS,  CODES. 

a.  A  small,  probably  useless,  tooth  in  front  of  first  well  deveh- 
oped  grinder  in  upper  jaw.  Teeth  iS  in  number.  Tatt 
in  our  species  brown  to  the  extreme  tip  {subgenus  Zapus). 

4.  Z.  kudsotiius  americanus  Barton.  Southern  Jumping' 
Mouse.  Back  dusky  brown  faintly  tinged  with  reddish  buff, 
sides  reddish  buff  very  slightly  grizzled;  under  parts  white 
tinged  with  yellowish.  L.  1%.  T.  4)^.  Hind  foot  1>^,  Only 
known  in  this  State  from  Wake  county  (Raleigh),  the  most 
southern  locality  it  has  been  recorded  from. 

5.  Z.  hudsonius  kudsomus  Zimmermann.  Northern  Jump- 
ing Mouse.  Back  yellowish  brown;  sides  light  grayish  buflf, 
slightly  sprinkled  with  black,  belly  white  tinged  with  yel- 
lowish. L.  8;^.  T.  5^.  Hind  foot  1  3-16.  Known  only  in 
this  State  from  Roan  Mt.,  the  most  southern  locality  from 
which  it  is  known. 

aa.  No  small  tooth  in  front  of  first  well  developed  grinder  in 
upper  jaiv,  teeth  i6;  tail  more  or  less  tipped  -with  while 
{subgenus  Napaezapus'). 

6.  Z.  insignis  roaueiisis  Preble.  Roan  Mt.  Jumping  Mouse. 
Sides  bright  tawny  ochraceous;  Vack  much  darker.  Under 
parts  pure  white.  Tail  more  or  less  tipped  with  white. 
L.  8H-  T.  h'/i-  Hind  foot  1  3-16.  Known  only  from  the 
evergreen  forests  of  Roan  Mt. 

FAMILY  MDRIDAE. 

Front  teeth  two,  cheek  teeth  never  more  than  three  in  each 
jaw.  In  the  species  that  occur  within  our  limits  the  hind 
feet  and  legs  are  never  greatly  elongated  for  jumping.  Ten 
of  the  numerous  genera  occur  in  the  State,  one  genus  with  its 
three  or  four  species  being  an  introduction  from  the  old 
world,  the  remaining  nine  genera  are  all  natives. 
a.  Grinding  teeth  with  tubercles  arranged  in  three  transverse 

rows,    very  distinct   in   teeth    of    upper    jaw    (subfam. 

Murinae,  Old  World  Rats  and  Mice).  Ge.vus  Mus, 
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aa.  Grinding  teeth  with  tubercles  in  two  rows  or  without  dis- 
tinct tubercles  of  any  kind. 
b.  Crowns  of   grindingf  teeth   with   tubercles  in   two   rows, 
bb.  Crowns  of  grinding  teeth  divided  into  loops  or  triangles, 
(subfam.  Cricetinae,  American  Rats  and  Mice), 
c.  Upper  front  teeth  grooved,  size  small. 

Genus  Eeithrodontomys. 

cc.  Upper  front  teeth  not  grooved. 

d.  Tail  as  long  as  or  longer  than   head  and  body,  total 

length   of   adults   9    inches    or    over,   fur    coarse. 

Genus  Oryzomys. 

dd.  Tail  much  shorter  than  head  and  body,  total  length 

of  adults  9)4  inches  or  over,    form   stout,    fur 

coarse.  Genus  Sigmodon. 

ddd.  Total  length  of  adults  under  8  inches,  fur  fine  and 

soft,  belly  white.     Tail   as   long   as  head  and 

body  orsomewhat  shorter.  Genus  Pekomyscus. 

e.  Upper  front  teeth   narrow,    compressed;  tail   always 

eyes  and  ears  large,  belly  white,   {subfam. 

Neotominae,  Wood  Eats  and  Cave  Rats). 

Genus  Neotoma. 
ee.   Upper  front  teeth  broad;  tail  usually  short;  ears  and 
eyes  small;  belly  g-enerally  not  white  (sub- 
fam. Microtinae,  Voles  and  Lemmings). 
f.  Lower  front  teeth  short,  their  roots  terminating  on 
inner  side  of  grinders  (upper  front  teeth 
grooved  in  our  species). 

Genus  Synaptomys, 
ff.  Lower  front  teeth  long,  their  roots  extending  under 
posterior  grinding  teeth  into  outer  side 
of  jaw. 
g.  Tail  flattened  sideways,  size  large.      Genus  Fiber. 
gg.  Tail  round,  size  small  or  medium. 
h.  Grinding  teeth  without  roots  (prongs). 

Genus  Microtus. 
hh.  Grinding  teeth  with  roots  (prongs)  in  itdults. 

Genus  Evotomys. 
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GENUS  Mus,  L.  (Introduced  Rats  and  Mice). 

7.  Mus  musculns  L.  House  Mouse.  Brownish  gray,  paler 
below.  L.  6Ji.  T.  3j^a.  Very  common  in  houses  and  largely 
so  in  fields  also. 

8.  M.  alexundrmus  Geoff,  St.  Hil.  Roof  Rat.  Brown, 
under  parts  white.  Tail  as  long  or  longer  than  head  and 
body;  about  size  of  Mus  rattus.  Common  at  Raleigh  and 
probably  the  common  house  rat  of  the  whole  State. 

(/I/,  rattus  L.  Black  Rat.  Blue  black  darker  on  the  back, 
more  slaty  on  the  belly.  L.  15?4.  T.  8>j.  Tail  as  in  the 
Roof  Rat  about  as  long  as  head  and  body.  The  Black  Rat 
was  formerly  wide  spread  in  the  eastern  United  States,  but 
has  been  in  the  north  almost  exterminated  by  the  Brown  Rat. 
It  very  probably  occurs  or  has  occurred  in  the  past,  but  we 
have  no  records.) 

9.  M.  norvegicus  Erxl.  Brown  Rat,  Wharf  Rat.  Brownish 
above,  grayish  below,  tail  shorter  than  head  and  body.  L. 
15^.  T.  7j4.  The  common  house  rat  of  the  north  as  M. 
ahxandrinus  is  of  the  south,  but  the  only  record  we  have  for 
North  Carolina  is  that  of  Coues,  who  says  they  were  common 
in  the  vicinity  of  Fort  Macon  in  1870. 

GENUS  siGMODON  (Cotton  Rats). 

10.  S.  hisptdus  Say  &  Ord.  Colton  Rat.  Upper  parts 
brown  coarsely  and  irrcyularly  varied  with  brownish  black, 
brownish  white  below.  Form  short  and  stout.  L.  10!^.  T. 
4,  Only  recorded  in  this  State  from  Raleigh,  where  it  is 
abundant,  but  undoubtedly  occurs  commonly  throughout  the 
greater  part  of  eastern  North  Carolina. 

GENUS  REITHRODONTOMYS,  GIGLIOLI  {Harvest  Micc), 

11.  Reitkrodontomys  Iccontci  lerontei  Aud  &  Bach.  Harvest 
Mouse.  Light  brown  above,  whitish  beneath.  L.  5.  T.  2^. 
Much  like  a  House  Mouse  but  smaller  and  distinguished  by 
its  grooved  front  teeth  and  furry  ears.     Has  only  been  taken 
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in  Wake  and  Bertie  counties,  where  it  is  common,  but  doubt- 
less occurs  throug'liout  the  greater  part  of  the  State. 

{Reilhrodoiilomys  hconiei  Jiiip/gcr  Bangfs.  Virginia  Har- 
vest Mouse.  Russet  brown  above,  dull  white  below.  L.  4?^. 
T.  2.  Common  at  White  Sulphur  Springs,  West  Virginia, 
and  therefore  probably  occurs  in  the  northeastern  part  of  the 
State  but  seems  scarcely  distinct  from  the  preceding.) 

GENUS  PEROMYScus,  GLOGER  (Deer  Mice). 

12.  P.  leucopus  Raf.  Deer  Mouse.  Tail  40  to  45  per  cent, 
of  total  length.  Chesthut  brown  above,  pure  white  below 
sharply  defined  against  the  color  of  the  sides,  tail  bicolor. 
Young  bluish  gray.  L.  U'A.  T.  3.  Hind  foot  1  3-16. 
Common  in  Wake,  Bertie,  Buncombe,  Perquimans  and  Curri- 
tuck counties,  and  probably  throughout  the  whole  State. 

13.  P.  canadensis  niibitcrrae  Rhoads.  Cloudland  Deer 
Mouse.  Dull  brownish  above,  white  below,  the  two  colors 
sharply  defined;  tail  as  long  as  head  and  body  with  a  tuft  of 
hairs  at  tip.  L-  6>'2,  T,  3^z.  Only  known  from  Roan  Mt. 
in  Mitchell  county, 

14.  P.  gossypinus  Leconte.  Cotton  Mouse,  Dark  brown 
above  with  broad  darker  dorsal  band,  under  parts  gray,  feet 
and  hands  grayish  white.  Young  blackish  slate  gray  above, 
slate  gray  beneath.  L.  7.  T.  2/a.  This  species  replaces  its 
smaller  relative  {P.  leucopus)  in  the  southeastern  United 
States  and  in  this  State  most  probably  occurs  throughout  the 
whole  southeastern  portion  but  is  so  far  only  known  to  occur 
in  Bertie  and  Currituck  counties. 

15.  P.  ntittali  Harlan.  Golden  Mouse.  Golden  cinnamon 
above,  yellowish  white  beneath  passing  gradually  on  the  sides 
into  the  color  of  the  back.  Tail  unicolor.  Young  similar 
to  the  adults  in  color.  L.  6,  T.  2V2.  An  arboreal  species 
building  its  nest  ft  to  12  feet  high  in  reeds  or  bushes  in  low* 
land  thickets.  Probably  common  throughout  most  of  the 
State,  as  it  has  bei--n  taken  in  Bertie,  Wake,  Halifax,  Per- 
quimans, and  Buncombe  counties. 
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GENUS  ORYZO>rys,  BAiKD  (Marsh  Rats). 

16.  (7.  pa  lu  sin's  Harlan.  Rice  field  Rat.  Dark  brown 
above,  whitish  below,  ears  short,  furry,  tail  about  as  lonfj  as 
head  and  body,  hind  feet  large.  L.  9>z.  T.  Ayi.  A  semi- 
aquatic  species  inhabiting  cattail  swamps  and  marshes  from 
Florida  to  Xew  Jersey.  In  this  State  it  has  only  been  taken 
in  Wake  county  (Raleigh),  where  it  is  not  uncommon  in 
suitable  situations. 

GENUS  NEOTOMA,  SAY  &  ORD  (Wood  RatS.) 

17.  N.  pcnnsylvanica  Stone.  Alleghany  Cave  Rat.  Grayish 
above,  white  below.  Tail  sharply  bicolor.  L,.  lf>'f .  T.  Ti-k. 
Common  in  caves  and  rocky  woods  throughout  the  Allegha- 
nies.  Only  known  in  this  State  from  Roan  Mt.,  Mitchell 
county. 

(^V.  floridiaiia  Ord.  Wood  Rat.  Brownish  gjay 
above,  the  sides  more  yellowish,  white  below,  tail  furry, 
bicolor,  L-  16.  T.  lYi.  I  have  had  nt-sts  described  to  me  by 
colored  men,  who  said  they  had  seen  them  many  years  ago  in 
the  eastern  part  of  the  State,  which  might  have  belonged  to 
this  species.  So  far  as  I  know,  however,  it  is  not  known  to 
occur  nearer  here  than  southern  Georgia.) 

GENUS  SYNAPTOMYS,  BAIBD. 

18.  S.  coopeii  Baird.  Cooper's  Lemming.  Color  grizzled 
gray  and  yellowish  brown  above,  thickly  sprinkled  with  black; 
dirty  white  below.  L.  4?^j.  T.  \i.  Only  known  in  this  State 
from  Roan  Mt.,  Mitchell  county,  andChapanoke,  Perquimans 
county.     Inhabits  sphagnum  l>ogs. 

GENUS  FIBER,  cuviEK  (Muskrats). 

19.  F.  zihcihicus  L.  Muskrat.  Color  brown,  much  suffused 
with  yellowish  and  reddish  (or  black  above  and  below,  or 
black  above  and  paler  below  than  in  the  common  form).  L. 
24.     T.  lOJ^.     Common  along  streams  throughout  the  State. 
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The  black  form  with  pale  belly  is  not  uncommon  at 
Raleigh,  and  we  have  also  had  it  from  Hyde  county.  The  all 
black  form  we  have  only  seen  from  Hyde  county. 

20.  F.  macrodon,  Mcrriam.  Dismal  Swamp  Muskrat. 
"Color  very  much  darker  and  teeth  very  much  larger,  other- 
wise as  in  F.  zibctkicus"  (Jordan's  Manual)  described  from 
Dismal  Swamp,  Virginia,  but  undoubtedly'  has  no  respect  for 
Slate  lines. 

GENUS  MiCROTus,  SCHKANK  (Meadow  Mice  or  Voles). 

21.  M.  penusylvaurcus  pciiiisylvanicits  Ord.  Meadow  Mice. 
Upper  parts  dark  brown,  much  sprinkled  with  black,  under 
parts  gray.  L.  f>%.  T.  2.  Common  at  Raleigh  and  in 
Mitchell  and  Buncombe  counties.  The  common  mouse  of  wet 
meadows,  but  occurring-  sparingly  on  the  uplands.  Not 
known  south  of  North  Carolina,  except  in  the  mountains. 

22.  M.  penniylvaiiicKB  nigram  Rhoads.  Albemarle  Meadow 
Mouse.  Above  dark  brownish  slate  black,  dark  brown  on 
sides,  under  parts  dark  brown.  L.  7.  T.  2.  Only  known 
from  Currituck,  Currituck  county,  the  type  locality. 

23.  >/.  pinctonan  pinctorum  LeConte.  Pine  Mouse.  Fur 
dense  velvety  and  mole  like,  eyes  and  ears  very  small,  claws 
on  forefeet  longest.  Color  above  chestnut,  ashy  below,  young 
slaty.  L.  5.  T.  '/i.  Common  at  Raleigh  and  in  Bertie  and 
Currituck  counties,  and  probably  throughout  the  State.  This 
species  digs  burrows  of  its  own  or  follows  the  mole  runs  under 
ground,  feeding  on  such  crops  as  peanuts,  sweet  potatoes 
and  Irish  potatoes  without  the  damage  being  evident  till  the 
crop  is  dug. 

24.  M.  pinetorum  scalopsoides  Aud  &  Bach.  Northern  Pine 
Mouse.  Adults  reddish  brown,  lighter  than  in  pinctorum. 
One  specimen  from  Magnetic  City,  Mitchell  county,  and  two 
from  Currituck  referred  to  this  form  by  Bailey  (A'.  A.  Fauna, 
A'o.  If,  i^oo). 

GliNUS  EVOTOMYS,  COUES. 

25.  E.  caroUuensh  Merriam.     Carolina  Redbacked  Moukc. 
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Ears  large,  projecting-  conspjcudusly  above  the  fur,  back  dark 
chestnut  fading  insensibly  into  the  brown  of  the  sides.  L. 
S'-i.  T.  1^.  Probably  found  on  the  higher  summits  of  the 
mount, linous  region  of  the  State,  but  so  fur  recorded  only 
from  Macon  and  Mitchell  counties. 

FAMILY  CASTORIDAE  (THE  BEAVERS). 

Large,  clumsily  built,  aquatic  rodents  with  four  broad,  root- 
less cheek  teeth  in  each  side  of  each  jaw.  Tail  very  broad 
and  scaly,  flattened  from  above,  downward. 

GENUS  CABTOH,  L. 

26.  C.  canadensis  carolinensis  Rhoads,  Carolinian  Beaver. 
Scaly  portion  of  tail  less  than  twice  as  long  as  wide,  fur 
relatively  short  and  harsh.  L.  35.  In  this  State  the  beaver 
occurs  sparingly  on  the  Dan  River  in  Stokes  county  (the  type 
locality  of  the  subspecies)  and  is  also  reported  from  Bertie 
county.  A  specimen  taken  some  fifteen  or  twenty  j'cars  ago 
at  Weldon  is  in  the  State  Museum  at  Raleigh,  These  locali- 
ties are  all  on  the  Roanoke  River  or  its  tributaries.  Mr.  J.  H. 
Armfield  reports  a  few  occurring  in  Beaver  Swamp  in  the 
northern  part  of  Guilford  county  and  southern  part  of  Rock- 
ingham, and  Mr.  K.  E.  Shore  reports  them  from  the  Yadkin 
River,  between  Yadkin  and  Forsyth  counties. 

FAMILY  SCIURIDAE  (THE  SQUIRRELS). 

Upper  front  teeth  two;  upper  cheek  teeth  four  or  five  on 
each  side;  lower  cheek  teeth  four  on  each  side,  A  well  devel- 
oped bony  process  on  skull  above  and  behind  eye  socket  (post- 
orbital  process);  tail  round  covered  with  long  hairs  which  are 
usually  so  arranged  as  to  form  a  broad  flat  brush.  Four  of 
the  North  American  genera  occur  in  the  Slate. 
a.  Sides  with  a  densely  furred  membrane  joining  front  and 
hind  legs  (Flying  Squirrels) ....  Gekus  Sciuroptkrus, 
aa.  Sides  without  membrane. 
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b.  Form  stout  and  clumsy;  fail  less  than  half  as  long-  as 
botly;  skull  nearlj'  flat  on  top  (.Woodchucks). 

Genus  Arctomys. 
bb.  Form  slender  and  graceful;  tail  much  more   than  half 
as  long  as  body;  top  of  skull  distinctly  rounded, 
c.  Cheek  pouches  present;  back  striped  (Chipmunks). 

Ge."jus  Tamias. 
'cc.  Cheek  pouches  absent;  back  not  striped  (Squirrels). 
Genus  Sciurus- 

GENUS  sciurus,  l.  (Squirrels). 

27.  S.  Jiiidsonius  loqriax  Bang:s.  Southern  Red  Squirrel, 
Mountain  Boomer.  Back  red,  under  parts  white,  edge  of  tail 
yellowish.  L.  12^.  T.  Syk.  (The  length  of  tail  does  not 
include  the  distance  the  hairs  project  beyond  the  flesh  but  is 
the  length  of  the  tail  vertebrae  only.  This  is  important  to 
note  in  the  case  of  the  Squirrels  and  other  mammals  with 
hairy  tail's.)  The  Mountain  Boomer  is  found  throughout  the 
mountains  of  the  State  from  Cherokee  to  the  Virginia  line. 

28.  S.  carolineiish  Gmelin.  Southern  Gray  Squirrel.  Size 
medium,  back  dark  yellowish  rusty-gray.  L.  IS.  T.  8. 
Common  throughout  the  whole  State. 

29.  S.  niger  L.  Southern  Fox  Squirrel.  Largest  of  the 
eastern  Squirrels.  Color  very  variable,  gray,  rusty  or  black, 
but  the  ears  and  nose  are  always  white.  Feet  and  hands  very 
large,  fur  coarse  and  harsh.  L.  25.  T.  12.  Said  by  Bangs 
to  be  wholly  confined  to  the  great  pine  forest  of  the  South 
Atlantic  and  Gulf  States.  Only  known  in  this  State  from 
Tarboro  and  Craven  county.  Specimens  from  the  latter 
county  are  in  the  State  Museum. 

{S.  ludovicianus  Gray.  Northern  Fox  Squirrel.  Back 
mixed  black  and  rusty,  belly  varj'ing  from  pale  rust  color  to 
rusty  white;  ears  rusty  (never  white  but  the  nose  is  some- 
times white).  L.  23.  T.  lOJ^.  Fox  Squirrels  are  recorded 
from  the  neighborhood  of  Asheville  by  Mr.  N.  W.  Fain,  and 
from  Cherokee  county  by  Dr.  Donald  Wilson  and  may  be  this 
species  or  the  preceding.     Dr.  Wilson  sent  me  a  skin  without 
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the  skull  from  his  county  which  I  sent  to  Mr.  Outram  Bangs 
for  detennination,  and  he  wrote  me  as  follows:  "About  the 
squirrel  I  am  puzzled.  If  I  had  the  skull  I  could  be  sure.  It 
looks  to  me,  however,  like  iieglcclus  rather  than  iii^-cr.  There 
is  a  great  difference  in  size  between  them,  and  this  skin  seems 
small,  but  of  course  I  cannot  tell  how  old  it  is.  The  color  is 
variable  in  both  species,  but  as  you  say,  the  ears  in  your  skin 
are  not  white  enough.  Although  a  very  unsatisfactory 
identification,  I  think  I  should  call  it  Sciunis  ludovicianus 
neglectus.  I  should  hate,  however,  to  publish  this  as  positive 
proof  one  way  or  the  other,  without  seeing;  the  skull." 

GENUS  TAMiAs,  ILLIGER  (Chipmunks). 

30.  T.  striatus  L.  Chipmunk,  Reddish  brown,  back  with 
five  black  stripes  and  two  whitish  ones,  L.  11.  T.  4J4. 
The  Chipmunk  is  found  throughout  the  western  half  of  the 
State  extending  as  far  east  asthe  western  edge  of  Raleigh 
township,  in  Wake  county,  and  as  far  south  as  Cherokee  in 
the  mountains. 

GENUS  ARCTOMYS,  SCHREBER  (Woodchucks). 

31.  A.  monax  L.  Woodchuck,  Ground  Hog.  Grizzly 
gray,  varied  with  chestnut,  yellowish  and  blackish;  under 
parts  reddish.  L.  18.  T.  4>3.  Common  throughout  the 
mountainous  region  of  the  State. 

GENUS  SCIUR0PTERU3,  F.  cuviER  (Flying  Squirrels). 

32.  S.  volans  L.  Flying  Squirrel.  Back  drab,  somewhat 
shaded  with  russet,  belly  pure  white  to  extreme  base  of  hairs. 
L.  9.     T.  4.     Common  throughout  the  whole  State, 


ORDER  III.     INSKCTIVORA. 

Canine  teeth  present,  but  usually  not  conspicuously  devel- 
oped; cheek  teeth  formed  for  chopping;   toes  provided  with 
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claws;  brain  small.  (Our  species  are  all  small,  under  8  inches 
in  length,  eyes  and  ears  small  or  rudimentary,  fur  more  or 
less  molelike.) 

Two  families  occur  in  North  America  and  another  in 'the 
West  Indies,  while  no  members  of  this  grroup  are  known  from 
South  America  except  the  extreme  northwest  corner  only. 
a.  Forefeet  highly  modified  for  digging;  external   ear  absent 
(Moles)  Family  Talpidab. 

aa.  Forefeet  not   highly  modified  for  digging;  external  ear 
present  (Shrews)  Family  Soricidae. 

FAMILY  TALPIDAE  (THE  MOLES). 

Body  thick  and  clumsy  without  distinct  neck;  eyes  rudi- 
mentary or  concealed;  no  external  ear;  front  feet  very  large, 
the  nearly  circular  palm  held  lengthwise;  fur  very  soft  and 
velvety. 

a.  Tip  of  muzzle  with  a  fringe  of  fleshy  projections;  tail  long; 

teeth  44.  Genus  Condyluf^. 

aa.  Tip  of  muzzle  without  a  fringe  of  fleshy  projections;  tail 

short, 

b.  Teeth  36;  tail  slender  and  nearly  naked.    Genus  Scalops. 

bb.  Teeth  44;  taif  thick  and  very  hairy. 

Genus  Parascalops. 

genus  condylura,  illigbr. 

33.  C.  crhtala  L.  Starnosed  Mole.  Dusky  brown,  paler 
and  grayer  below;  tail  nearly  as  long  as  head  and  body.  L, 
63<.  T.  2i8.  Known  only  in  this  State  from  Mitchell  county, 
where  it  was  taken  at  Magnetic  City  by  the  collectors  of  the 
Biological  Survey  of  the  United  States  Department  of  Agri- 
culture in  1892  or  18V3,  and  from  Buncombe  county,  where  a 
single  specimen  was  taken  b}'  Mrs.  J.  S,  Cairns,  at  Wcaver- 
vilie,  February  6,  189f>.     It  is  said  to  inhabit  wet  places. 

GENUS  PARASCALOPS,  TRUE. 

34.  P.  brewcri  Bachm.     Brewer's  Mole.     Dark  lead  gray, 
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seldom,  if  ever,  tinged  with  rusty.  Tail  dark.  L.  5  13-16. 
T.  1  3-16.  Like  the  preceding,  a  northern  species  extending- 
its  range  southward  in  the  mountains.  Said  to  inhabit  dry 
soil.  Known  only  in  this  State  by  the  numerous  specimens 
taken  by  the  collectors  of  the  United  States  Biological  Survey 
in  1892  and  1893  at  Magnetic  City,  in  Mitchell  county. 

GENDS  SCALOPS,  ILLIGBR- 

35.  S.  agualiais  L.  Common  Mole.  Light  glossy  slate 
brown,  tinged  with  rusty;  tail  whitish.  L.  6^.  T.  1  1-16. 
The  Common  Mole  is  abundant  throughout  the  State. 

FAMILY  SORICIDAK  (THE  SHREWS). 

Body  usually  slender  and  mouse  like  with  a  distinct  neck, 
eyes  well  developed  but  very  small,  a  distinct  external  ear, 
front  feet  small,  not  mole  like.  Shrews  are  small  animals, 
something  like  mice,  but  with  pointed  snouts  and  small  eyes, 
the  Mole  Shrews  of  the  genus  Blarina  have,  however,  a  casual 
resemblance  to  little  moles,  except  in  the  forefeet.  Two 
genera  occur  in  North  Carolina, 

a.  Ears  completely  hidden  by  the  fur,  tail  short. 

GiiNOS  Blarina. 
aa.  Bars  distinctly  visible,  tail  long.  Genus  Sorex. 

GENDS  BLARINA  GRAY. 

a.     Teeth  J2,  iotal  length  4  tyiches  or  oi-er  (subgenus  Blarina). 

36.  B.  brevicauila  Say.  Mole  Shrew.  Color  sooty  slate 
brown  above,  more  ashj-  below,  L.  4J^.  T.  1.  Found 
throughout  the  mountains  of  the  State  from  Cherokee  to  the 
Virginia  line. 

37.  B.  caroUnensis  Bachm,  Carolina  Shrew,  Very  similar 
to  the  preceding,  but  smaller  and  more  slender,  being  only 
about  4  inches  in  total  length.  Occurs  probably  throughout 
the  State  except  in  the  mountains,  but  has  only  been  taken  in 
Wake  (Kaleigh,  Apex)  and  Perquimans  counties  (Chapanoke). 
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38.  B.  telmaksfcs  Merr.  Dismal  Swamp  Mole  Shrew. 
About  same  size  as  brei'iaiiida,  but  more  plumbeous  in  color, 
and  with  a  narrower  skull.  Taken  by  Dr.  Merriam  at  Dismal 
Swamp,  Virginia,  and  bj  Mr.  R.  T.  Young",   at  Chapaiioke, 

,   Perquimans  county,  and  Currituck,   Currituck  county.     The 
relationship  of   this   and   the    two   preceding   forms   to   one 
another  does  not  seem  clear  to  me  and   hence  I  list  them  as 
full  species  "without  prejudice." 
aa.  Teeth  30,  in  our  species  length  about  3  inches. 

39.  B.  piirva  Say.  Little  Mole  Shrew.  Color  brownish 
above,  ashy  below.  L.  3.  T.  9-16.  Its  rang^e  in  the  State 
is  probably  about  that  of  B.  curo/i/ic/isis,  but  it  is  at  present 
only  recorded  from  Wake  and  Bertie  counties. 


(a.  Total  length  over  sV-  I'lclies;  hind  feet  coiispiruonsly 
fringed  <  subgenus  Neos  irex).  S.  albibarhts  Cope. 
Eastern  Marsh  Shrew.  Upper  parts  blackish  slate  with 
a  slight  hoary  cast;  chin  and  throat  grayish  white,  rest 
lower  parts  of  dusky.  L.  6>6.  T.  2^.  The  Marsh 
Shrew  inhabits  marshes  and  the  borders  of  streams, 
south  in  the  mountains  to  Pennsylvania  and  probably 
further.) 

aa.  Total  length  under  ^  inches,  hind  feet  not  fringed  (sub- 
genus Sorex). 

40.  S.fumetis  Miller.  Smoky  Shrew.  Smoky  slate  color, 
slightly  paler  below.     L.  4J^.     T.  1?<. 

41.  S.  personatus  Geoff  St.  Hil.  Masked  Shrew,  Upper 
parts  dark  brown,  under  parts  whitish  i;ray.  L.  4^^.  T, 
1  9-16.  This.and  the  preceding  have  both  been  taken  bv  the 
collectors  of  the  United  States  Biological  Survey  on  Roan 
Mt.,  Mitchell  county,  in  1892. 

42.  S.  longiroslris  Bach.  Southern  Shrew.  Smallest  of 
the  eastern  shrews.  Chestnut  brown  above,  ashy  tinged  with 
drab  below.  L.  3-;8.  T.  1;:^.  Rare  at  Ralcitrh  and  one 
specimen  known  from  Bertie  county.     The  limits  of  the  range 
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of  tbis  species  are  unknown,  the  above  specimens  being  the 
only  ones  known  to  have  been  taken  anjwhcre,  since  the 
species  was  described  by  Bachman  from  specimens  taken  in 
the  swamps  of  the  Santee  River,  South  Carolina. 

43.  S.  Jiskeri,  Merr.  Dismal  Swamp. Shrew.  Similar  to 
the  preceding:,  but  larger  and  coloralion  duller.  L.  4^.  T. 
IM-  This  and  the  preceding  liave  the  third  unicuspid  tooth 
decidedly  smaller  than  tho  fourth,  whereas  in  .S".  fumcus  and 
S.  personatus  the  reverse  is  the  case.  Described  by  Dr. 
Merriara  from  Dismal  Swamp,  Virginia,  and  taken  by  Mr.  R. 
T.  YouDg  at  Chapanoke,  Perquimans  county. 


ORDER  IV.    CHEIROPTERA,     (bats.) 

Forelimbs  greatly  developed,  the  eloug-ated  fingers  sup- 
porting a  membrane  by  means  of  which  true  flight  is 
performed. 

a.  Tail  included  in  the  flying  membrane  nearly  or  quite  to 
tip,  nose  without  leaf-like  fleshy  growths. 

Family  Vespertilionidae. 

aa.   Tail  in  our  species  free  from  the  membrane  for  its  apical 
half.  Family  Emballonukidae. 

(One  species  of  the  Emballonnridae,  Nyctinomus 
cynocephahis  Lee,  The  Florida  House  Bat,  a  small 
browa  bat  with  tail  projecting  for  about  half  its 
length  beyond  the  membrane  and  with  naked  wings 
is  common  in  Florida  and  the  Gulf  States  and  may 
possibly  occasionally  straggle  as  far  north  as  this 
State.)' 

FAMILY  vespertiliondae.     (The  Typical  Bats.) 

a.   Nostrils  simple,  at  tip  of  snout;  ears  moderate;  forehead 
not  grooved, 
b.   Upper   front  teeth    four,   membrane   between   legs  not 
completely  furred  above. 
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c.  Fur  blackisb,  frosted  with  while. 

Genus  Lasionycteris. 
cc.  Fur  not  blackish,  not  frosted  with  white 
tl.  Total  length  over  four  inches,  teeth  32. 

Genus  VEsrEKTii.io. 
dd.  Total  leng;th  under  four  inches. 

e.  Color  dull  brown;  ears  rather  long;  teeth  3S. 

Genus  Myotis. 
ee.  Color  light  yellowish  brown,  teeth  34. 

Genl's  Pipisthellus. 
bb.  Upper  front  t^'eth  two. 

f.  Membrane  bi'twecn  hiiul  ]e;^scompletely  furred  above, 
ears  sliort  and  roHn<i,  Genus  Lasiukus. 

ff.  Membrane  bL-twcen  liirid  legs  nol  furred  aSove. 

Genus  Nycticeius. 
aa.  Nostril  maryincd  b'-hind  bv   trrooves;  checks   wilh   l.irye 
excrescnces;  ears  very  hirge,  an  incli   liiy'i. 

Gl'.NUS    COKINOBHT.N'US. 
GENUS  LASIUKUS,  GRAY. 

^4.  L.  cincuieits  Bc^iuv,  lloary  Bat.  General  cobir  a 
mixture  of  light  yellowish  brown,  de^p  umber  brown,  and 
white.  L.  Sy'-i.  T.  2.  Spread  of  wing  14.  Has  been  taken 
by  Cairns  in  Buncombe  county,  and  th<;  Smithwicks  in  Bertie 
county  and  Coues  records  it  as  occasional  in  summer  at  Fort 
Macon. 

45.  Z..  borealis  Muller.  Red  Bat.  General  color  varying 
from  rufus  red  to  yellowish  gray,  a  white  spot  at  shoulder, 
sometimes  connected  with  its  fellow  by  a  white  chest  b;ind, 
L.  ^%.  T.  2.  Spread  12.  Common  in  Wake,  Bertie,  Bun- 
combe, and  at  Fort  Macon,  also  at  Magnetic  City,  and  on 
Roan  Mt.,  and  probably  throughout  the  State. 

GENUS  NYCTICEIUS,  RAF. 

46.  N.  humeralis  Raf.     Twilight  Bat.     Dull  umber  brown 
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above,  paler  below.  Common  in  Bertie,  Wake  and  Buncombe, 
and  probably  tbrougbout  the  State.     L.  V/i.     Spread  9, 

GENDS  MYOTIS,  KAUP. 

47.  M.  subulatus  Say.  Say's  Bat.  Dull  brown,  sligfhtly 
paler  and  more  yellowish  below.  Ear  when  laid  forward 
reaching-  considerably  beyond  nose.  L.  3f6.  Spread  9.  A 
single  specimen  taken  at  Raleigh  September  13,  1902,  is 
referred  by  me  to  this  species  as  it  agrees  with  the  foregoing 
characters. 

48.  M.  luci/iigus  Lee.  Little  Brown  Bat.  Ear  when  laid 
forward  barely  reaching  nostril,  size  and  color  as  in  M. 
subulatus.  Mr.  G.  S.  Miller,  Jr.,  mentions  a  specimen  from 
Miichell  county,  and  has  identified  a  specimen  from  Bun- 
combe county,  kindly  loaned  me  by  Mr.  W.  E.  Snyder,  as  this 
spt'cies,  and  Dr.  Witmer  Stone  refers  to  it  a  specimen  from 
Bertie  county.  Besides  these,  I  have  saen  6  from  Buncombe, 
2  from  Bertie  county,  and  2  from  Raleigh,  which  were  either 
this  or  the  preceding,  but  at  the  time  we  had  them,  the  two 
species  were  confused,  and  I  have  been  un;ible  to  locate  the 
specimens  and  have  them  correctly  placed. 

GENUS  LASIONYCTERIS,  PETERS. 

49.  L.  noctivagans  Lee.  Silver  Black  Bat.  Blackish, 
frosted  with  while,  membrane  between  hind  legs  furred  to 
about  the  middle  above.  L.  4.  Spread  of  wing  12.  This 
bat  apparently  occurs  all  over  the  State,  hut  does  not  seem  to 
be  common  in  any  locality.  Six  specimens  are  recorded  from 
Bertie  county,  a  dozen  or  more  from  Wake,  one  from  Bun- 
combe, and  one  from  Mitchell. 

GENDS  PIPISTRELLUS,  KAUP. 

50.  p.  subflavus  F.  Cuvier.  Georgia  Bat.  General  color 
light  yellowish  brown.  L.  "iyi-  Spread  9.  This  is  the 
smallest  of  our  bats  and  is  common  in  Bertie,  Buncombe  and 
Wake,  and  probably  throughout  the  State. 
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GENUS   VESPEKTILIO,  L. 

51.  V.  ftiicus  Eeauv.  Big  Brown  Bat.  Brown,  paler 
below.  45».  Spread  12.  This  species  is  known  from  Bertie, 
Wake  and  Buncombe,  but  is  not  common  ia  either  county. 

GENUS  CORINORHINUS,  H.  ALLEN. 

52.  C.  macroth  Lee.  Big;  E^rcd  Bat.  Blackish,  fur  soft 
and  long.  L.  3>4.  Spread  11.  One  taken  by  Cairns  at 
Weaverville,  Buncombe  county,  April  7,  1S95,  and  three  by 
the  Smithwicks  in  Bertie  county,  February  1,  1893,  and 
October  24,  1894,  (two  specimens)  are  the  only  records  we 
have  of  this  southern  species.  (Since  the  above  was  writ- 
ten the  Stale  Museum  has  received  a  specimen  from  Golds- 
boro. ) 


ORDER  V.     UNGULATA. 
(the  hoofed  animals.) 

Herbivorous  mammals  provided  with  one  to  four  enlargfed 
and  thickened  hoofs  on  each  foot.  The  order  contains  mainly 
large  species  and  includes  such  domestic  animals  as  the  horse, 
cow,  hog,  sheep,  goat,  etc. 

Only  one  of  the  two  groups  of  Ungulata,  the  Artiodac- 
tyla  or  even  toed  Ungulates,  is  represented  in  our  fauna,  and 
only  two  families  of  that. 

Families  of  Ungulata  now  or  formerly  occurring  in  the 
State: 

a.  Horns  solid,  usually  branching,  present  in  our  species  only 

in  the  male  (The  Deer).  Family  Ckbviuae. 

aa.  Horns  permanent,  hollow,  each  enciosinjf  a  bitny  core  or 

process  of  the  skull  (The  Cattle).     Family  Bovidab. 

FAMILY  CERVIDAE  (THE  DEER). 

Horns  solid,  shed  every  year;  wanting  in  the  female  except 
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in  the  Reindeer.     Only  one  species  occurs  in  the  State,  but 
another  doubtless  did  ia  earlier  days. 

a.  Horns  large,  curved  mostly  backward,  the  tines  all  directed 

forwards,  size  large.  Genus  Cefvus. 

aa.  Horns    small,    curved    forward,   the    tines    all    directed 

upwards,  size  smaller.  Genus  Odocoileus. 

GENUS  CERVDS,  L. 

(C,  canadensis  Erxl.  Eastern  Wapiti,  American  Elk. 
Reddish  brown,  paler  in  winter;  height  at  shoulders  five 
feet;  horns  five  feet  long.  Now  extinct  in  the  United  States, 
but  probably  occurred  in  the  western  part  of  the  State  150 
years  ago. ) 

GENUS  ODOCOILEUS,  RAF. ' 

53.  O.  virgtanus  Bodd.  Virginia  Deer.  Color  in  summer 
reddish,  grayer  in  winter,  under  parts  white.  Not 
uncommon  in  the  eastern  section  of  the  State  and  in  the 
mountains,  but  rare  or  absent  in  the  more  thickly  settled 
portions  of  the  center. 

FAMILY  BOVIDAE.      (THE  CATTLE  AND  ANTELOPES.) 

Only  one  genus,  Bison,  ever  occurred  east  of  the  Mississippi, 
the  cow,  goat  and  sbeep  belong  to  this  family. 

GENUS  BISON,    H.  SMITH. 

{_B.  bison  L.  American  Bison,  Buffalo.  The  Buffalo  was 
no  tloubt  found  in  the  western  part  of  the  State  in  early 
days.) 


ORDER  VI.    FERAE. 

(the  CAHNIVORA  OR  FLESH  EATKRS.) 
Canine  teeth  well  developed,  check  teeth  formed  for  cutting, 
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front  teeth  small  in  a  row  between  the  canines.     Toes  pro- 
vided witli  claws.     Brain  larg^c,  well  developed. 

a.  Limbs  modified  for  swimming  and  useless  for  walking, 
hind  feet  not  capable  of  being  turned  forward  fThe 
True  Seals),  Family  PnoaoAE. 

aa.  Limbs  fitted  for  walking. 
b.  Hind  feet  with  4  toes. 

c.  Claws  capable  of   being   withdrawn   into   a   sheath, 

muzzle  broad  and  short,   teeth  not  more  than  30 

(The  Cats).  Family  Felidae. 

cc.  Claws  blunt,  not  retractile,   teeth   42   (Dogs,  Wolves 

and  Foxes).  Family  Canidae. 

bb.  Hind  ftet  with,  five  toes. 

d.  Entire  sole  applied  to  the  g-round  in  walking, 
e.  Size  large,  tail  rudimentary-  (The  Bears). 

Family  Ursidae. 
ee.  Size  medium,  tail  well  developed  (Raccoons). 

Family  Pkocvonidae. 
dd.  Entire  sole  not  applied  to  the  ground  in  walking 
(Weasels,  Mioks,  Otters,  Skunks,  etc.). 

Family  MuSTrxiDAE. 

FAMILY  PHOCIDAE.       (THE  SEALS.) 

Only  one  geous  and  species  occur  on  the  coast. 

GENUS  PHOCA,  L. 

54,  P.  vitalina  L.  Harbor  Seal.  Grayish  or  brownish. 
L.  five  feet,  female  sm:i!ler.  Occasioniil  on  our  coast.  A 
female  in  the  State  Museum  from  Craven  c<iuntj-. 

FAMILY  PKOCYONTDAE. 

Plantigrade  carnivora  of  small  size  with  comparatively 
slender  bodj'  and  well  developed  tail.  Teeth  40,  Only  one 
genus  and  species  occur  in  the  eastern  United  States. 
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genus  procyon,  storh. 

55.  p.  lotor  L.  Raccoon,  Coon.  Graj-ish,  hairs  black 
tipped  wiik,  black  rings,  a  black  cheek  patch.  L.  33.  T. 
lOK-  The  Raccoon  is  still  found  throughout  the  State,  but  is 
quite  rare  in  the  more  thickly  settled  districts. 

FAMILY  URSIDAE  (THE  BEARS). 

Plantigrade  carnivora  of  large  size,  with  rudimentary  tail. 
Only  one  genus  and  spi;cies  is  known  from  the  State. 

GENUS  URSUS,  L. 

56.  U.  americanus  Pallas.  Common  American  Bear,  Hog 
Bear.  Color  blackish  or  brownish,  variable.  Still  not 
uncommon  in  the  swamps  of  the  eastern  and  mountainsof  the 
western  parts  of  the  State,  but  not  now  found  in  the  central 
portion. 

FAMILY  MUSTELIDAE  (THE  WEASELS). 

Carnivora  with  the  feet  either  planliifnide  or  digitigrade, 
the  toes  five  on  all  four  feet.  Most  sjiecics  are  provided  with 
glands  near  the  anus  which  secrete  a  bad  smelling  liquid. 
Teeth  32  to  38.  Our  species  are  usually  of  small  or  medium 
size. 

a.  Toes  conspicuously  webbed,  snout  short,   high   and  blunt, 
teeth  36  (Otters).  GiiNus  Lutka. 

aa.  Toes  not  much  webbed,  snout  longer,  teeth  34. 

b.  Tail  closily  furred,  claws  sliort  (Miiiks  and  Weasels). 

Genus  Putorids. 
bb.  Tail  busliy,  claws  lon^-  (Skunks). 
c.  Form  sti>ut  and  heavy.  Gknus  Mkphitis. 

cc.  Form  slender.  Gknus  Spilogale. 

GENUS  LUTRA,  BRISSON. 

57.  L.  budsonica  Dcsm.  American  Otter.  L.  'i%  feet. 
T.  16  inches.     Culor  liver  brown.     Our  form  is  L.  h.  lataxina 
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(F.  Cuvier),  with  colors  lighter  than  in  the  Northern  Otter. 
The  Oner  is  found  throuirhout  the  State,  but  is  apparently 
rarest  in  the  mountains  and  most  plentiful  in  the  east. 

GENUS  PUTOmUS,  CUVIEK. 

58.  P.  vison  hiireocephalus  Harlan.  Carolina  Mink.  Color 
dark  chestnut  brown.  L.  27.  T.  S;4'.  The  Mink  is  found 
commonly  throu^iiout  the  State,  it  being  a  semi-aquatic 
animal  livings  mainly  along  watercourses. 

59.  P.  novcboraceiisis  notius  Bangs.  Southern  Weasel. 
Brown  above,  yellowish  white  below,  tail  brown,  black  for 
posterior  half.  L.  16.  T.  5J'z,  the  female  much  smaller,  L. 
\2Yi„  T,  ^%.  Rare  in  Wake  (only  two  specimens  seen  in 
twenty  years)  and  in  Bertie,  but  rather  common  in  Buncombe 
and  Mitchell  counties,  and  probably  in  the  mountains  gener- 
ally. No  Weasels  are  known  in  the  eastern  United  States 
from  south  of  Raleigh  until  we  reach  Florida. 

GENUS  MEPHITIS,  CUVIER. 

60.  M.  elongaia  Bangs.  Large  Southern  Skunk.  Polecat. 
Color  black,  a  patch  on  the  back  of  the  head  and  two  stripes 
extending  back  from  it  white.  These  stripes  may  be  so 
greatly  enlarged  that  the  animal  is  nearly  all  white,  or  so 
greatly  reduced  that  it  is  nearly  all  black.  Tail  very  bushy 
with  a  white  tip,  the  white  on  tail  as  variable  in  amount  as 
that  on  body.  L.  24.  T,  9.  Occurs  only  in  the  southern 
half  of  the  State  from  the  coast  to  the  mountains.  Very  rare 
in  Wake  county,  and  not  found  in  Bertie,  Forsyih,  Guilford, 
or  other  counties  in  the  northern  half  of  the  Stale.  The 
secretions  of  the  anal  glands  (not  urine,  as  is  commonly  sup- 
posed,) are  so  abundant  and  offensive  in  all  skunks  as  to  be 
the  animal's  chief  weapon  of  offense. 

GENUS  SPILOGALE,  GRAY. 

61.  6".  rivgeus  Merr.  Little  Striped  Skunk.  About  the 
size  and   shape  of  a   mink,  color  black   with   four   narrow, 
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parallel,  white  stripes  down  the  back,  these  breaking  up  on 
the  rump  into  spots  and  transverse'  bars.  Tail  black  with 
long',  white  pencil  at  tip.  L.  lR,'-j.  T.  7,'j.  The  Little  Striped 
Skunk  is  found  throufjhout  the  moutitaias  where  it  seems  to 
be  commoner  than  the  large  skunk. 

FAMILY  CANIDAE  (THE  DOGS). 

Carnivora  that  walk  on  the  toes  only,  never  on  the  sole  of 

the  foot;  claws  blunt;  hind  loes  4;  teeth  42  in  our  species. 

a.  Upper  front  teeth   distinctly  lobed,  pupil  of  eye  circular 

(Dogs  and  Wolves).  Genus  Canis. 

aa.  Upper  front  teeth  not  lobed,  pupii  of  eye  elongate  not 

circular. 

b.  Tail  without  mane  of  stiff  hairs,  and  with   abundant 

soft  under  fur  (Red  Foxes).  Genus  Vulpes. 

bb.  Tail  with  a  concealed  mane  of  stiff  hairs  and  without 

soft  fur  (Gray  Foxes).  Genus  Uhocvon, 

GENUS  CANlS,  L. 

62.  C.  occidenialh  Rich,  American  Wolf.  Back  brownish 
or  blackish  mixed  with  tawny,  belly  light  tawny  or  dirty 
whitish.  Total  length  nearly  live  feet.  Found  sparingly 
throughout  the  mounlairs.  Dr.  Donald  Wilson  reports  it 
from  Graham  conn'.y,  ilr.  R.  W.  Collett  says  it  is  growing 
very  scarce  in  ChtTokec,  Mr.  Fain  savs  tliere  are  very  few  in. 
Buncombe.  Mr.  II.  H.  Briniley,  Curator  of  the  State 
Museum,  informs  me  it  h;!S  been  taki'n  in  recent  years  in 
Yancey,  Caldwell  and  Wa^taui;a.  Dr.  Merriam  states  that  in 
the  year  of  one  of  his  visits  to  Roan  Mt.  a  den  of  wolves  was 
discovered  there  and  the  young  captured  alive  (in  1S87  or 
1892) . 

genus' VtTLPES,   RICHARDSON. 

63.  V.  fuhus  Desm.  Red  Fox.  Reddish,  feet  and  ears 
blackish,  tipof  fail  whiti-.  L.  40.  The  commoner  fo.v  in  the 
mountains  and  thence  eastward  along  the  northern  border  of 
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the  State  to  Edgecombe   (Foxhall).     Not   found   in   Bertie 
(Smith wick''.  Wake  (Brimley),  nor  Forsyth  (Shore). 

GENOS  tIROCYON,  BAIRD. 

64.  U.  cinereo-argevlcus  Muller.  Gray  Fox.  Back  a 
coarse  grizzle  of  blackish  and  white,  belly  and  region  about 
ears  tawny.  A  black  line  along  back  of  tail,  L.  36.  The 
Gray  Fox  is  the  common  fox  of  the  State  except  in  the  moun- 
tains where  it  is  less  c 


FAMILY  FELIDAE  (tUE  CATS). 

Carnivora  with  short  round  head  and  retractile  claws. 
Heel  never  applied  to  the  ground  in  walking.  Teeth  2B  or  30. 

a,  Tail  lonj-,  teeth  30,  ears  not  tufted.  Genus  Felis. 

aa.  Tail  short,  teeih  28,  ears  tufted.  Genus  Lynx, 

GENUS  FELIS,  L. 

65.  F.  cougar  KevT.  American  Panther,  Puma.  Yellowish 
brown  above,  middle  line  of  back  darker,  under  [larts  whiiish. 
L.  8^4  feet,  T.  3  feet.  A  specimen  killed  near  Rose  Bay, 
Hyde,  counl}',  some  years  before  the  war  between  the  States, 
according  to  Mr.  Walton  E.  Stone,  is  the  only  authentic 
record  from  the  State. 

genus  lynx,  kekr. 

66.  L.  rrifiis  Gueld.  Wild  Cat,  Bay  Lynx.  Back  yel- 
lowish gray  tinged  with  rufous,  much  spotted  and  streaked 
with  black,  belly  whitish  spotted  with  black,  a  brownish 
collar  on  throat.  L.  3  feet.  T.  7  inches.  Found  in  the 
wilder  parts  of  tlie  eastern  and  western  portions  of  the  State. 
Large  specimens  of  this  species  are  frequently  called  cata- 
mounts and  supposed  to  be  a  different  species,  but  in  every 
case  where  the  8t;ile  Museum  has  endeavored  to  secure  a 
"catamount,"  it  has  always  proved  to  be  this  species  and  not 
the  Canada  Lynx,  which  does  not  occur  in  the  State. 
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LIST  OF  PAPERS  RELATING  MORE  OK  LESS  TO  NORTH  CAROLD^A 
MAMMALS  AND  CONSULTED  BY  THE  AUTHOR: 

Allen,  J.  A.,  "Species  of  the  Genus  Reithrodontomys,"  Bull. 
A.  M.  N.  H.,  Vol.  XII.,  ISOS,  pp.  107  r/ sci/.  (Mentions 
J?,  lecoiitci  trom  Raleigh,  North  Carolina,  but  gives  its 
distribution  erroneously,  as  "coast  region  of  South 
Carolina  and  Georgia".) 

Allen,  J.  A.,  "Revision  of  the  Chickarees,"  Bull.  Am.  Mus. 
Nat.  Hist.,  Vol.  X.,  1898,  Article  XIV.  (Mentions 
Sciurus  hudsoniits  loqiiax  from  North  Carolina.) 

Allen,  J.  A,,  "Five  New  North  American  Mammals,"  Bull. 
A.  M.  N.  H.,  Vol.  XII.,  1899.  page  13.  (Mentions 
Leptis fioridatius  muUurus  from  Raleigh  ) 

Bangs,  O.,  "Three  New  Weasels  From  North  America," 
Proc.  New  Eng.  Zool,  Club,  Vol.  I.,  pp.  53-57,  June  9, 
1899.  (Describes  as  new  Ptitorictis  novebomcfnsis 
nolius  from  Weaverville  and  Raleigh,  North  Carolina.) 

Bangs,  O.,  "Notes  on  North  American  Mammals,"  Proc. 
Boston  Soc.  Nat.  Hist.  Vol.  XXVI.,  July  31,  1895. 

Bangs,  O.,  "The  Cotton  Mouse  (Peromyscus  gossypinus)," 
Proc.  Biol.  Soc.  Wash.  Vol.  X.,  pp.  119-125,  'Nov.  5, 
1896.  (Records  specimens  from  Bertie  county,  North 
Carolina.) 

Bangs,  O.,  "A  New  Race  of  the  Chickaree,"  Proc.  New  Eng. 
Zool.  Club,  March  31,  1899,  Vol.  I.,  pp.  27-29.  (Con- 
tains references  to  the  Red  Squirrels  or  Chickarees,  of 
Roan  Mt.,  North  Carolina.) 

Bangs,  O.,  "The  Skunks  of  the  Genus  Mephitis  of  Eastern 
North  America,"  Proc.  Biol.  Soc.  Wash.  Vol.  X.,  pp. 
139-144,  Dec.  28,  189(>.  (Mentions  the  absence  of  skunks 
from  parts  of  North  Carolina.) 

Bangs,  O.,  "The  Land  Mammals  of  Peninsular  Florida  and 
the  Coast  Region  of  Georgia,"  Proc.  Bost.  Soc.  Nat. 
Hist.,  Vol.  28,  pp.  151-23i5,  March,  1898.  (Mentions  a 
number  of  North  Carolina  mammals.) 

Bangs,  O.,  "A  New  Race  of  the  Little  Harvest   Mouse  From 
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West  Virg^iiiia",  Proc.  Biol.  Soc.  Wash.,  Vol.  XII:,  pp. 

167-1(>8.  Aug-ust  10,   1893.     (This  form   may  occur  in 

North  Carolina.) 
Bangs,  O.,  "Notes  on  the  Synonymy  of  the  North  American 

Mink   With   Description  of  a  New  Subspecies",  Proc. 

Bost.  Soc.  Nat.  Hist.,  Vol.    27,   pp.    1-6,    March,   18%. 

(Contains  references  to  Minks  from  North  Carolina.) 
Bang;s,  O.,  "The  Geofrraphical  Distribution  of  the  Eastern 

Races  of  the  Cottontail  {Lcpiis  syh-ntifus  Bach.)  With 

Description  of  a   New   Subspecies",    Proc.    Soc.    Nat. 

Hist.,  Vol.  26,  pp.  404-416.     (Mentions  specimens  from 

North  Carolina.) 
Bangfs,  O,,   "A   Review  of  the  Squirrels  of  Eastern  North 

America",  Proc.  Biol.  Soc.  Wash.,  VolX.,  pp.  145-167, 

Dec.  28,  18%.     (Contains  records  of  Sciunis  niger,   S. 

kmlsoiiius,  and  .V.  rarol/iici/sis  from  North  Carolina.) 
Bangs,  O,,   "The  Eastern  Races  of  the  American  Varying- 

Hare,   With   Description  of   a    Subspecies   from  Nova 

Scotia",  Proc.  Biol.  Soc.  Wash.,  Vol.  XH.,   pp.   77-82, 

March  24,  18')8.     (Mentions  Lcpus  americanus  virgin- 

iantts   as  occurring   as   far   south   as   White   Sulphur 

Springs,  West  Virginia.) 
Bailey,  V.,  "Revision  of  the  American  Voles  of  the  Genus 

Microtus",  N.  Am.  Fauna,  No.  17,  1%0.   (Gives  North 

Carolina  records  of  M.  piuetonnn,   M.  p.   scalopsoidcs, 

M.  pcnnsyh-aiiiciis,  M.  pom.  n/gnti/s.) 
Batchelder,  C.  F.,   "Some  Unrecognized  Mice  of  the  Genus 

Zapus",  Proc.  New  Eng.  Zoot.   Club,  Vol.  I.,   pp.    3-7, 

February  8,  ISVO,     (Mentions  ^.  hiuhonhis  americanus 

from  Raleigh,  North  Carolina.) 
Brimley,  C.   S.,    "List  of  the  Mammals  of  Raleigh,   North 

Carolina",  American  Naturalist.  May,  1897. 
Brimley,  C.  S.,  "An  Incomplete  List  of  the  Mammals  of  Bertie 

county.  North  Carolina",  American  Naturalist,  March, 

1897. 
Coues,  Elliott,  "Notes  on  the  Natural  History  of  Fort  Macon, 
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North  Carolina",  Proc.  Acad.  Nat.  Science,  Phila- 
delphia, May  2,  1871,  pp.  1-49. 

Elliott,  D.  G.,  "A  List  of  Mammals  Obtained  by  Thaddeus 
Surber  in  North  Carolina,  South  Carolina,  Gcorg-ia, 
and  Florida",  Field  Columbian  Mus.  Publ.  58,  June, 
1901. 

Howell,  A.  H,,  "Revision  of  the  Skunks  of  the  Genus 
Chincha"  (Mephitis),  N.  A.  Fauna.  No.  20,  1901. 
(Mentions  Cliiiicha  chugata  frum  North  Carolina.) 

Merriam,  C,  Hart,  "Remarks  on  the  Fauna  of  the  Great 
Smoky  Mountains.  With  Description  of  ?  New  Species 
of  Redbacked  Mouse  (Evotomjs  carolinensis)".  Am. 
Journal  of  Science,  Vol.  XXXVI.,  December,  1888,  pp. 
458-460.     (Applies  wholly  to  North  Carolina.) 

Merriam,  C.  Hart,  "Description  of  Twenty-Six  New  Species 
of  North  American  Mammals",  N.  A.  Fauna,  No.  4, 
1890.  (Mentions  Spihgalc  riiigciis  from  Cherokee, 
North  Carolina.) 

Merriam,  C.  Hart,  "Synopsis  of  the  Weasels  of  North 
America",  N.  A.  Fauna,  No.  11,  1S96.  (Mentions  P. 
novebortifeusis  occurring  in  North  Carolina.) 

Merriam,  C.  Hart,  "The  Occurrence  of  Cooper's  Lemming 
Mouse  in  the  Atlantic  States",  Proc.  Biol.  Soc.  Wash., 
Vol.  VIL.  pp.  175-177,  December  22,  1891.  (Mentions 
specimens  from  Roan  Mt.,  North  Carolina.) 

Merriam,  C.  Hart,  "Description  of  a  New  Subspecies  of 
Chipmunk",  Am.  Naturalist,  Vol.  XX.,  No.  2,  Feb- 
ruary, 1896.  (Mentions  a  specimen  from  Jackson 
county,  North  Carolina.) 

Merriam,  C.  Hart,  "Revision  of  the  Shrews  of  the  Genera 
Blarina  and  Notiosorex",  N.  A.  Fauna,  No.  10,  1895. 
(Mentions  B.  brevicanda,  B.  caroUnctnis,  and  B.  parva 
from  North  Carolina. 

Merriam,  C.  Hart.  "Synopsis  of  the  American  Shrews  of  the 
Genus  Sorex",  N.  A.  Fauna,  No.  10,  1895.  (Mentions 
Sorex  fumeus,  S.  personatus,  and  S.  loiigtroslris  from 
North  Carolina.) 
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Miller,  G.  S„  J.,  "The  Longftaikd  Shrews  of  the  Eastern 
United  States,"  N.  A.  F.,  No.  10,  1895.  (Mentions  S. 
fiimeus,  S.  pcrsonalus,  and  S.  loiigiroslris  from  North 
Carolina.) 

Miller,   G.   S..   Jr.,    "Key  to  the  Land  Mammals  of  North- 
eastern North  America,"'  Bull.   N.  Y.   State  Museum, 
'  1900,     (Mentions  a  number  of  mammals  from  North 

Carolina.) 

Miller,  G.  S.,  Jr.,  "Revision  of  the  North  American  Bats  of 
the  Family  Vespertilionidae,"  N.  A.  Fauna,  No.  13, 
1897.     (Contains  several  North  Carolina  records.) 

Preble,  E.  A.,  "Revision  of  the  Jumpinff  Mice  of  the  Genus 
Zapus,"  N.  A.  Fauna,  No.  15,  1899.  (Mentions  Z. 
hiidsonius,  Z.  h.  amerkanusy  and  describes  as  new  Z, 
insignis  roaticusi's  from  North  C;irolina.) 

Rhoads,  S.  N.,  and  Yoiingr,  R-  T.,  "Notes  on  a  Collection  of 
Mammals  From   Northeastern  North  Carolina,"  Proc.    ' 
Acad.  Nat   Sci.,  Philadelphia,  1897,  pp.  303-312. 

Rhoads,  S.  N.,  "The  Marsh  or  Ricefiekl  Mice  of  the  Eastern 
United  States,"  American  Naturalist,  Vol.  XXXVI., 
August,  1902.  (Mentions  Oryzomys  faJustris  from 
Bertie  county,  North  Carolina,  which  is  an  error,  as 
the  specimens  actually  came  from  Raleigh,  Wake 
county.) 

Rhoads,  S.  N.,  "Contributions  to  the  Zooloffy  of  Tennessee, 
No.  3,  Mammals,"  Proc.  Acad.  Nat.  Sci.,  Philadelphia, 
1896,  pp.  175-205.  (Contains  records  of  a  number  of 
species  of  mammals  from  Roan  Mt.,  North  Carolina.) 

Rhoads,  S.  N.,  "Contributions  to  a  Review  of  the  North 
American  Beavers,  Otters  and  Fishers,"  Trans.  Am. 
Philos.  Soc.  N.  S.,  XIX.,  pp.  417-439.  (Describes 
Castor  c.  carolitiensis  from  North  Carolina  and  refers 
North  Carolina  Otters  to  L.  h.  lataxiua."! 

True,  F.  W.,  "A  Revision  of  the  American  Moles,"  Proc.  U. 
S.  Nat.  Mus.,  Vol.  XIX.,  pp.  1-112.  1896.  (Contains 
North  Carolina  records  of  Parascalops  bre-^eri,  Condy- 
lura  cristata  and  Scalops  aquattcus.) 
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THE    METHOXYL    GROUP    IN   CERTAIN 
LIGNOCELLULOSES. 


Extended  study  of  lignified  tissue  has  led  to  the  belief  that 
it  is  essentially  a  chemical  compound  and  the  term  lig-nocel- 
lulose  is  applied  to  it.  The  molecule  is  a  very  complex  one 
and  among-  the  characteristic  features  of  it  is  the  constant 
proportion  of  methoxyl,  OCHj.  Benedikt  and  Bamberger* 
first  brought  this  fact  into  prominence.  The  proportion  of 
methoxyl,  calculated  to  methyl,  is  approximately  two  and  one 
half  per  cent.  I  have  extended  the  work,  making  determina- 
tions in  woods  mostly  native  to  this  country.  The  Tree  of 
Heaven,  China  Tree  and  Paulownia  originated  in  Eastern 
Asia  but  are  now  found  wild  in  this  country.  The  Crab 
Wood  and  Wild  Lime  are  native  to  the  Bahama  Islands  and 
the  West  Indies  and  the  samples  were  obtained  from  Dr.  W. 
C.  Coker. 

The  determinations  were  made  according  to  the  method  of 
Zeisel.  In  most  cases  the  wood  was  taken  from  small  stems. 
It  was  cut  into  small  chips,  after  removal  of  the  'bark  and 
dried  to  constant  weight  in  a  steam  oven.  The  values 
obtained  correspond  to  those  of  Benedikt  and  Bamberger. 
The  results  are  as  follows: 

Persimmon,  Diospyros  Virginiana,  L.  1.95 

Umbrella  Tree,  Magnolia  tripetala,  L.  2.57 

Sassafras,  Sassafras  Sassafras  (L)  Kant  2.44 

Chinquapin,  Castanea  pumila.  (L)  Mill  2.16 

Buttonwood,  Platanus  occidentalis,  L  2.23 

Witch  Hazel,  Hamamelis  Virginiana,  L  2.67 

Pig  Nut  Hickory,         Hicoria  glabra,  (Mill)   Britton  2.32 

•MonBtsb.  of  Obem.  II.,  360-307. 

1905}  W 
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Sweet  Gum,                   Liquidambar  Styraciflua,  L  2.24 

Dogwotxi,                       Cornus  florida,  L  2.37 

Honey  Locust,               Gleditsia  triacanthos,  L  2,47 

Tree  of  Heaven,            Ailanthus  ^landulosa,  Desf.  2.52 

China  Tree.                    Melia  Azederach,  L  2.35 

Paulownia,                     Paulownia  tomentosa,  (Thunb)  2.40 

Crab  Wood,                    Gymanthes  lucida,  2.95 

Wild  Lime.                    Fagara  flava,  2.19 

The  averag-e  is  2.39  per  cent.     I  wish  to  thank  Mr.  Preston 
Irwin  for  assistance  in  making  the  determinations. 
Chapel  Hill,  N.  C. 
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THE  SPONGES  OF  THE  "ALBATROSS"  1891   EXPE- 
DITION. 

Memoirs  of  the  Museum  of  Comparative  Zoology  at  Harvard 
College,  Vol.  XXX.,  No.  1.  Reports  on  an  Exploration 
off  the  West  Coasts  of  Mexico,  Central  and  South  America, 
and  off  the  Galapagos  Islands,  in  charg-e  of  Alexander 
Agassiz,  by  the  XJ.  S.  Fish  Commission  Steamer  "Alba- 
tross," during-  1891,  Lieut.  Commander  Z.  L.  Tanner,  U, 
S.  N.,  commanding.  XXX.  The  Sponges,  by  H.  V. 
Wilson.  Cambridge,  U.  S.  A.,  1904.  Pp.  164,  with  26 
plates. 
The  following  synopsis  of  results  is  abstracted  from  the 
introduction  to  the  above  report. 

The  collection  of  sponges  with  which  the  following  report 
deals  has  been  found  to  include  forty-seven  species  and  sub- 
species. Of  these,  twenty-six,  representing  thirteen  genera, 
fall  into  the  Hexactinellida,  seven,  representing  three  genera, 
fall  in  the  Tetractinellida,  and  fourteen,  representing  nine 
genera,  fall  in  the  Monaxonida.  No  calcareous  or  horny  ' 
sponges  and  no  Lithistids  were  taken.  As  was  to  have  been 
expected,  since  the  expedition  was  made  in  unexplored  waters, 
a  very  large  percentage  of  the  forms  (thirty-three  species  and 
subspecies)  prove  new  to  science. 

LIST  OF  THE  SPECIES  TAKEN. 

Nyalonema  ovuliferum  F.  E.  Sch. 

"  pedunculatum,  sp.  nov. 

"  bianchoratum,  sp.  nov. 

"  pateriferum,  sp.  nov. 

'*  sp.  div. 

Buplectella,  sp. 
Regadrella,  sp. 

"  delicata,  sp,  nov. 
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Caulophacas  schulzei,  sp.  nov. 

sp. 
Sathydorus  Icvis  spinosus,  subsp.  nov. 
StaurocalypUis  sp. 
Farrea  occa  daviformis,  subsp.  nov. 

"    mexicana,  sp,  nov, 

'*    sp. 
Eurete  erectum  ttibnlifcrum,  subsp.  nov. 

"         "        mucronatum,  subsp.  nov. 

"         "        gracih,  subsp.  nov. 

"    sp. 
Aphrocallistcs  vastus  F.  E.  Sch, 
Chonelastna  calyx  F.  E.  Sch. 
Bathyxipkus  sp. 
Hcxactinclla  labyrinthtca,  sp.  nov. 

"  ventihibrum  Carter. 

"  lubulosa  E.  E.  Sch. 

Sclerothamnopsh  comprcssa,  gen.  et,  sp.  nov. 
Thcnea /cnestraia{0.  Schmidt)  SoUas. 

"     cchinata,  sp.  nov. 

"     lamcllifornih,  sp.  nov. 

"    pyn/ormis,  sp.  nov. 
Poecillastra  tricorms,  sp.  nov. 

"  cribraria,  sp.  nov, 

Penares  foltaformisy  sp.  nov. 
Polymastia  maeandria,  sp,  nov. 
Petrosia  variabilis  crassa,  subsp,  nov, 

"      similis  dcitsissima,  subsp,  nov. 
Packychalina  acapuchnsis,  sp,  nov, 
Oceanapia  baciUi/cra,  sp,  nov. 
Gcllius  perforatus,  sp.  nov. 
Tylodcsma  alba.,  sp,  nov. 

"  vestibularis,  sp,  nov. 

lopkon  chilifer  ostia-magna,  subsp,  nov. 

"     lamella,  sp,  nov. 

"     lamella  indivtsus,  subsp.  nov. 
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lopkon  indentatus,  sp.  nov. 
Pkakellia  lamelUgera,  sp.  nov. 
Auletta  dendrophora,  sp.  nov. 

In  addition  to  the  discovery  of  new  forms,  some  results  of 
general  biological  interest  have  accrued  from  tlie  study  of  the 
collection,  and  are  discussed  or  stated  under  the  respective 
species  concerne<l.  For  convenience  of  reference  the  more 
important  of  these  facts  may  be  here  classified. 

Remarkable  forms.  Hyalonenia  pcdunculaltim  is  note- 
worthy for  the  peculiar  pedunculate  form  of  body;  Sclcroth- 
amnopsis  compressa  for  the  shrub-like  habitus  in  which  it 
resembles  the  hitherto  unique  Sclerothamnus  clausti  Marsh.; 
Regadrella  delicata  for  the  character  of  the  sieve-plate  region, 
which  may  be  construed  as  representing  a  simpler  (althoug'h 
not  necessarily  a  more  primitive)  phylogenetic  condition  than 
the  otherwise  closely  similar  Regadrella  phoenix  O.  Schm. 

Distribution  and  Habitat.  Thcnea  fencstrata  O.  Schm., 
hitherto  known  only  from  the  Atlantic  and  Caribbean  Sea,  is 
now  recorded  for  the  Pacific.  Some -of  the  Hexactinellids 
from  great  depths  have  Ijeen  found  to  live  clustering  upon 
one  another:  Caulophacus  attached  to  root  spicules  of  Hya- 
lonema;  Bathydortis  attached  to  root  spicules  of  Hyalonema 
and  to  stalks  of  Cauhpkaats  or  similar  sponge. 

Morphology  in  general.  Further  evidence  of  a  convincing 
character  has  been  gained  that  the  Eurctc  and  Farrea  col- 
onies are  derived  ontogenetically  from  simple  cup-like  forms. 
The  close  similarity  between  the  main  afferent  and  effer- 
ent canals  and  their  apertures  in  Poecillastra  tricortiiivs.  worthy 

of  remark. The  observations  of  Sollas  and  of  Dendy  on 

the  occurrence  of  a  peculiar  fenestrated  membrane  (Sollas's 
membrane)  in  the  flagellated  chambers  of  certain  sponges 
have  been  confirmed  for  two  tetractinellid  genera,  Poecillastra 
and  Penares. 

Pathological  phenomena  in  general.  In  Eupkctella  skeletal 
septa  of  a  reticular  character  have  t)een  found  crossing  the 
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cavity  of  the  sponge. In    Chonelasma  similar  septa  have 

been  observed. In  Hexaclinella  labyrinihtca  skeletal  masses 

of  a  reticular  character,  such  as  have  been  especially  described 
by  Weltner,  occur.     In  some  cases  such   masses  form  layers 

separating  one  part  of  the  sponge  from  another. Possibly 

all  these  phenomena  are  pathological  and  similar,  in  so  far 
as  they  may  indicate  an  effort  of  the  sponge  to  shut  off  one 
one  part  (diseased?)  of  the  body  from  the  rest. 

Morphology  of  spicules,— variations  ^-nA  "pat/whgictil"  con- 
ditions. In  Hyalonenia  pateriferum,  pathological  amphi- 
discs  such  as  have  been  observed  by  Marshall  and  Mej-er  and 
F.  E.  Schulze  occur.  In  these  spicules  several  additional  rays 
of  the  hexact  are  developed. Certain  details  in  the  struc- 
ture of  the  disco  hex  asters  of  Caulophacus  schuhci  suggest 
that  a  hexaster  may  arise  from  a  hexact  through  the  develop- 
ment of  lateral  branches  on  the  hexact  rays. — —Another  case 
is  afforded  by  Hexaditiella  labyriiitkica  of  what  seems  to  be 

the  degeneration  of  an  uncinate  into  an  oxydiact. In  scop- 

ulae  present  in  Sclerotkamiiopsis  compressa,  the  arrangement 
of  the  axial  canals  indicates  that  the  spicule  is  equivalent   to 

a   branched  diact,   as   Schulze    has    supposed. Abundant 

transitional  forms   indicate   that  the  protriaenes  of   Thenea 

are  modified  dickotriacnes. In  Thenea  pyrtformis  a  type  of 

metaster  is  common  which  may  be  interpreted  as  transitional 

between  spirasters  and  euasters. In   Pcnarcs  foliaformis 

peculiar  dichotriaenes  are  found  which  approach  the  shape  of 
the  lithistid  phyllotriaene. The  occurrence  of  pathologi- 
cal branching  oxeas  is  recorded  for  Pctrosia. 

Variation.  The  variability  of  sponges  in  regard  to  points 
of  adult  structure  is  universally  recognized.  O.  Schmidt  and 
Vosmaer,  in  particular,  have  laid  stress  on  the  phenomenon 
as  bearing  upon  the  problems  of  systematic  classification. 
The  observations  recorded  in  this  report  will  fall  under  the 
following  heads: 

/.      Variation  in  body-shape  and  general  anatomy. 

Attention  may  be  called  to  the  difference  in  shape  exhibited 
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by  specimens  of  Hyatoncma  petcrifcrum,  Cmtlophacus  sckuhci, . 

Thenea  fenesiratii,  Pctrosia  variabilis  crassa. In  Eurete  the 

spiral    form  of   body  beset  with  cup-like  outgrowths  varies 

towards  a  bilateral  symmetry. In  Tylodesma  alba  massive 

and  lamellate  Ixidies  occur,  as  parts  of  one  continuous  speci- 
men.  In  Gellitis  pcrforatus  a  uniform  habit  of  growth  may 

result  id  very  different  body  shapes. In  Thenea  individuals 

the   number  and  size  of  pore  areas  vary;    also  the  spicular 

fringe  round  the  osculum. In  Jopkon  lamella  the  character 

of  the  surface  varies  in  different  parts  of  the  same  individual, 
owing  to  the  divergence  in  character  of  the  main  efferent 
canals  and  their  apertures,  and  to  the  varying  amount  of  col- 
lenchyma  round  such  canals. 

2.  Variation  in  same  individual  in  the  skeletal  framework, 
or  the  skeleton  in  general. 

In  Chonelasnia  calyx  the  tuberculation  of  the  beams  of  the 
dictyonal  framework  varies.— ^ — In  Hexactinella  vcntilahrtim 
there  is  considerable  variation  in  the  way  in  which  the  hex- 
acts  combine  to  form  the  dictyonal  framework.-— In  Thoiea 
fenestrata  there  is  variation  in  the  development  of  the  spicu- 
lar fringes  round   the   pore   areas. In  Petrosia  variabilis 

crassa  and  in  Petrosia  similis  denstssima  a  skeletal  reticulum 

remains  undeveloi>ed  in  spots. In  Pachyckalina  acaftilcen- 

sis  the  skeletal  framework  in  places  is  fairly  regular,  although 
in  general  irregular.     In  Phakellia  lamclligera  the  skeletal 

lamellae  vary  in  respect  to  branching. In  Petrosia  similis 

densissima  over  some  parts  of  the  surface  there  are  no  projec- 
ting spicules,  while  over  other  parts  such  spicules  are  present 
in  consideral  number. In  Gellitis  pcrforatus  there  is  consid- 
erable variation  in  the  character  of  the  spicular  tufts  which 
project  from  the  surface. — —In  lophon  lamella  there  is  varia- 
tion in  the  number  of  spicules  which  combine  to  form  the 
side  of  a  skeletal  mesh. 

,*,  Uncorrelated  Variation  in  the  megascleres  of  an  Individ' 
ual,  \.  e.  variation  apparently  not  correlated  with  the  structu- 
ral peculiarities  of  the  body-locality. 
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As  regards  size  of  the  spicules,  there  seems  to  l>e  noticeable 

variation  in  all  sponge  species. The  shape  of  one  of  the 

macramphidiscs  varies  considerably  in  Hvalonema  bianchora- 
tutii. — —In  Caulophacus  schulzei  the  principal  hexacts  are 
occasionally  tuberculated,  and  in  the  same  species  the  tuber- 

culation  of  the  pentacts  varies. The  character  of  the  diact 

ends  varies  commonly,  e.  g.  in  Bathydorus  Iciis  spinosus, 

In  Farrea  mcxicana  the  pentacts  vary  in  respect  to  tubercula- 

tion. In  Eurcte  erectum  the  character  of  the  distal  raj  of 

the  gastral  pinules  varies  extensively.— —In  Pelrosia  variabi- 
/I's  crassa  the  oxea  sometimes  assumes  the  shape  of  a  stron- 

gyle,  or  style. In   Penares  foliaformU  the  triaenes  vary 

considerably. — ^In  Pachychalina  acapulcettsis  the  size  of  the 

oxea  varies  within  wide  limits. In  Pkakellia  lamcUif/era 

the  oxeas  and  the  two  kinds  of  styles  all  vary  considerably  in 
shape. 

4..  Uncorrelated  variation  in  the  microscleres  of  an  I'ndi- 
vidual. 

The  microscleres  as  well  as  the  megascleres  very  commonly 
vary  in  size  and  detailed  shape,  although  in  them,  as  in  the 
megascleres,  there  is  a  size  and  pattern  which  are  character- 
istic of  the  individual  (species),  i.  e.  to  which  the  majority  of 
the  spicules  of  an  individual  conform. 

Some  striking  cases  of  variation  are  afforded  by  the  micro- 
oi&y'hGiiaiZis  oi  Hyaloncma' bianchoraliim,  plcsiasters  and  spir- 
asters  of  Thenea  fenestrata,  sigmata  of  7 yhdcsma  alba. 

J.     Correlated  variation  in  the  spictilcs. 

In  some  cases  the  variation  of  spicules  is  obviously  not 
ungoverned  by  the  rest  of  the  body,  but  is  correlated  with 
l>ody-localJty. 

Thus  while  the  pentacts  in  Hexaclinella  labyrinthica  vary 
at  large  in  respect  to  length  of  the  several  rays,  the  pentacts 
overlying  the  larger  inhalent  canals  commonly  have  noticeably 
short  proximal  rays.     Such  a  phenomenon  would  customarily 

be  referred  to  as  "adaptive." The  variation  of  dichotriae- 

hes   towards   the   protriaene   type,   round  the  pore  areas  of 
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Ihenea,  is  another  instance  of  tlie  same  plienomenon. A 

complex  instance  of  correlated  variation  is  afforded  by  the 
dermal  and  jrastral  pinuk'S  of  Cauh'phaciis  irhuhcr,  which 
coat  the  opposite  surfaces  I  \x)re  a;id  oscular)  of  the  body. 
The  two  kinds  of  pinulcs  vary  in  the  same  direction  in  differ- 
ent individuals,  and  thus  the  projwrt ionate  difference  between 
them  is  preserved. 

6.  Qualitative  varuttlon. 

Two  sets  of  individuals  livinff  tog'Cther  in  the  same  locality, 
and  which  are  otherwise  indistingruishable,  differ  conspicu- 
ously in  respect  to  a  sing-le  point.  An  instance  is  afforded  by 
Eurete  erectiim  mucromitum,  which  differs  from  Eitrcte  crectum 
tubtilifenim  in  having:  oxyhexasters  instead  of  onychasters. 
Another  instance  is  afforded  by  lophon  /<niiclhi  tfidivisus, 
which  differs  from  hplion  lamella  only  in  the  character  of  the 

bipocillus,   which   is  not  chelate, In  order  not  to  confuse 

the  facts  with  hyiKJthesis,  the  two  sets  of  individuals 
have  in  each  case  been  separated  as  subspecies.  It  is  idle  to 
dogfmatize  or  to  speculate  in  cxtenw  on  the  value,  from  the 
standpoint  of  heredity,  of  the  point  of  difference.  Whether 
this  point  is  inheritable  and  thus  marks  off  two  races,  or 
whether  it  merely  marks  off  two  sets  of  individuals  which 
started  out  alike  and  the  olTsprinff  of  which  are  alike,  and 
which  owe  their  difference  to  the  action  on  the  individual  of 
the  environment,  no  one  can  say.  The  recordinfr  of  the  dif- 
ference is  the  duty  of  the  systematist,  who,  when  he  has  done 
so,  has  pointed  out  an  additional  case  suitable  for  the  esper- 
imental  study  of  heredity  and  environmental  action. 

7.  Variation  toiuards  other  species  or  subspecies. 

A  class  of  spicules  in  one  subspecies  may  vary  in  consider- 
able numljer  towards  a  condition  characteristic  of  a  subspecies 
inhabiting  a  different  locality.  An  instance  is  afforded  by 
Eurete  ercctum  q-nicik;  in  which  the  tuberculation  of  the  gas- 
tral  pentacts  and  hexacts  is  sometimes  very  similar  to  that 
found  in  the  other  subspecies  of  Eurete  erectuvi. 

Or  a  form  of  spicule  characteristic  of  one  species  may  occur 
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infrequently  in  a  related  species.  For  instance,  in  Caulopha- 
ats  schuhei  the  pinuH  occasionally  have  the  shape  characteris- 
tic of  C.  latus  and  C.  elegans.  A  striking  case  is  afforded  by 
Farrea  occa  claviformis,  in  which  a  few  gastral  clavulae  were 
found  closely  similar  to  the  peculiar  cla^Tilae  of  Farrea 
convolvulus. 

8.     Constancy  of  character  in  spiailcs. 

It  often  happens  that  while  in  a  sing^le  individual  the  size 
of  a  particular  spicule  may  vary  within  wide  limits,  the  rAnr- 
arfe?"  remains  fairly  constant— e.  g.  pinuli  of  IJyaionema  bian- 

choratum. The    character    of   a   spicule   even    in    minute 

details  may  apparently  become  fixed  for  the  species.  Thus  in 
a  specimen  of  flyalimetiia  ovulifcrnm  the  rays  of  the  micro- 
oxyhexacts  have  the  same  sudden  terminal  curving-  exhibited 
by  the  corresponding  spicules  of  Schulze's  tyi>e  specimen, 
although  the  two  sponges  were  taken  49°  of  latitude  apart. 

A  form  of  spicule  which  in  some  sponges  varies  gfreatly 

in  size,  in  other  species  varies  but  little.  Thus  in  Gcllius 
perforatiiS  the  sigmata  vary  only  slightly,  whereas  in  Tylo' 
desma  alba  they  vary  greatly. 

I  do  not  undertake  a  comparative  consideration  of  the  geo- 
graphical distribution  of  the  forms  making  up  the  collection. 
Such  a  consideration  would  demand  a  knowledge  of  the  actual 
systematic  value  to  be  attached  to  many  species  recorded  in 
the  literature  of  sponges.  And  such  a  knowledge  is  not  to  be 
had  at  present.  In  modern  sponge  literature,  e.  g.  in  the  two 
great  monographs  of  Schulze  and  Sollas  (Schulze,  1P87;  Sol- 
las  1888),  the  species  conceived  are,  as  it  seems  to  me,  what 
H.  M.  Bernard  contends  for  in  his  interesting  recent  discus- 
sions (Proc.  Cambridge  Phil.  Soc.  Vol.  XI.  Pt.  IV.;  Verhdlg. 
V.  Intern  Zool. -Congress)  of  the  species-question  as  affecting 
the  method  of  recording  certain  data,  viz,  homogeneous  mor- 
phological groups.  The  sponge  si>ecies  are  often  very  homo- 
geneous, because  represented  by  single  specimens.  That  such 
groups  answer  always  to  natural  species,  as  we  understand 
the  word  when  we  speak  of  the  human  race.  Passer  domesti- 
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cui,  Litiorina  lilorea,  or  other  organisms  which  we  know  in 
great  number,  is  not  only  open  to  doubt,  but  is  excessively 
improbable.  It  is,  I  suppose,  from  this  latter  point  of  view 
(the  envisaging  clearly  the  a  priori  probability  that  sponges 
in  g-eneral  exhibit  those  individual  and  local  differences  which 
all  species  known  intimately  exhibit)  thatO.  Schmidt  was  led 
to  record  in  literature  the  existence  of  such  species  as  Farrea 
faainda.  Perhaps  Farrea  facunda  is  a  "natural  species,"  but 
the  data  at  hand  make  such  a  statement  only  a  subjective 
assumption.  Or  when  the  distinguished  sjstematist  Topsent 
expresses  the  opinion  that  five  species  of  Poecillastra 
recorded  by  Sollas  probably  represent  the  variations  of  twQ  or 
three  species,  one  is  justified  in  saying  "perhaps,  but  the 
known  specimens  differ  in  certain  definite  respects."  Such 
subjective  interpretations  of  differences  perhaps  always  affect 
the  manner  in  which  we  record  the  occurrence  of  certain  mor- 
phological peculiarities  in  association  with  geographical  and 
bathymetrical  site.  But  whereas  once  they  were  rampant, 
today  they  are  reduced  to  a  minimum,  with  the  result,  as  I 
have  said,  that  the  species  of  modern  sponge  literature 
are  strikingly  homogeneous  groups,  which  need  not  be 
thought  of  as  always  corresponding  to  natural  races. 

That  this  method  of  precise  an<ilysis  is  the  only  method 
capable  of  yielding  trustworthy  data,  seems  to  me  incontest- 
able. That  it  may  result  in  temix)rarily  recording  more 
species  than  exist  in  nature,  will  only  trouble  those  who 
incline  to  the  view  that  the  one  excuse  for  systematic  zoology 
is  to  provide  them  with  a  handy  collection  of  names  for  the 
animal  kingdom. 

The  data  which  are  thus  accumulating  as  to  the  occurrence 
of  this  or  that  peculiarity  of  structure  in  a  certain  locality 
are  growing  rapidly  through  the  labors  of  systemafists. 
Scarcely  begun  is  the  accumulation  of  the  almost  equally 
important  data  fcomp.  Polejaeff,  Report  on  the  "Challenger 
Keratosa."  p.  85),  as  to  what  peculiarities  of  structure  are 
due  to  a  difference  in  the  physiological  state  of  individi;als 
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belonging  to  the  same  race.  Such  knowledge,  to  be  acquired 
through  continuous  observation  of  living  individual  sponges 
under  norma)  and  undi.T  modified  conditions  (experimental 
method)  may  be  expected  to  bring  about  the  union  of  many 

recorded  species. Another  most  important  class  of  data  can 

only  be  revealed  through  the  physiological  stuiiy  of  the  race, 
viz,  through  the  breeding  of  sponges.  And  with  the  increase 
in  the  number  of  marine  laboratories  at  which  observations 
may  be  carried  on  continuously  throughout  the  year, 
the  inauguration  of  such  studies  may  be  anticipated. 
The  modern  statistical  method  of  considering  the  differ- 
ences between  individuals  of  such  groups  as  are  procurable  in 
large  numbers  is  a  refinement  of  what  is  comn\un]y  under- 
stood as  systematic  work,  and  a  promising  field  for  those 
acquainted  with  the  structure  of  sponges.  Such  studies,  by 
revealing  the  kinds  and  the  extent  of  structural  modifications 
which  occur  among  individuals  not  separable  into  morphology 
ically  definable  groups,  may  be  expected  to  provide  invaluable 

special  cases  for   experimental  study. It  is   through  the 

combination  of  these  several  classes  of  data  that  we  must 
hope  to  learn  the  limits  of  the  natural  groups  of  sponges  as 
as  they  exist  today.  When  such  trustworthy  definitions  of 
natural  groups  are  at  hand,  the  facts  of  the  geographical  dis- 
tribution of  the  species  will  doubtless  become  intelligible. 
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THE  ATOMIC  WEIGHT  OF  THORIUM.* 

BY  K.  O.  B,.  DAVIS. 

The  atomic  weight  of  thorium  has  been  determined  with 
varying  results.  The  values  are  dependent  upon  the  analyses 
of  the  oxalates,  sulphates,  formate,  acetate  and  acetonyl-ace- 
tonate.  The  first  value  is  due  to  Berzelius'  and  was  obtained 
from  the  sulphate  and  double  sulphate  of  thorium  and  potas- 
sium. The  thorium  was  estimated  by  precipitation  with 
ammonia  and  the  sulphuric  acid  as  BaS04.  The  value  obtained 
was  234.8. 

In  1861  Chydenius*  published  new  determinations  from 
analyses  of  sulphates,  acetate,  formate  and  oxalate.  The 
mean  of  his  determinations  gave  thorium,  233.1.  Two  years 
later  in  1863  Marc  Delafontaine  published  some  researches  on 
thorium'.  His  studies  were  particularly  on  the  sulphates. 
The  thorium  he  estimated  in  two  ways;  (1)  by  precipitation  as 
oxalate  and  subsequent  ignition,  (2)  by  direct  calcination. 
From  his  work  a  value  of  230.3  for  thorium  was  obtained. 

The  next  determinations  were  those  of  Cleve*.  His  work 
was  with  the  sulphates  and  oxalates.  Next  came  the  work  of 
Nilson'  on  the  sulphates.  Then  in  1887  Kruss  and  Nilson' 
published  determinations.  Of  the  most  trustworthy  values 
given  by  Clarke'  the  value  for  thorium  varies  from  223.06  to 
236.93,  a  mean  giving  the  value  232.6. 

*(DiBsert&tion  preaented  to  the  faculty  of  the  Univermty  of  North 
Oarolina  for  the  degree  of  Doctor  of  Philosophr, 
iPoggend  Annal.,  16,  898, 183S. 
^Poggend  Aimal,  199,  6fi.  1888. 
aArob.  Sci.  Phys.  et  Nat.  (8)  18,  343, 
*JonT.  fnr  Prakt.  Ohem.,  98.  114. 
«BeT.  DeatBcb.  Ohem.  QeaeU.,  16,  3619.  1883. 
*Ber.  Dentaoh.  Ohem.  Oesell.  30,  1666,  1887. 
'■Oonstanto  of  MUate,  Part  V. 

J90S1  45 


idbyGoOglC 


46  Journal  of  the  Mitchell  Socibty.        [March 

Due  to  the  gjeat  variatioti  in  values  as  given  by  different 
authorities  and  determined  by  different  methods,  and  also  the 
just  criticisms  which  have  been  lodged  against  those  methods 
for  other  elements,  it  was  deemed  advisable  to  redetermine 
the  atomic  weight  of  thorium.  We  began  by  first  investigat- 
ing- the  methods  formerly  used  and  then  attempted  a  new 
method,  with  what  success  the  sequel  will  show.  In  addition 
to  the  criticism  to  which  the  various  methods  are  subject, 
recent  investigations  by  Brauner'  and  Baskerville*,  who  have 
been  busied  for  years  with  the  element,  point  to  the  complex- 
ity of  thorium.  Moreover  the  radio-activity  associated  with 
thorium  is  illy  understoo<l  and  appears  not  to  belong  to  pure 
thorium  compounds. 

Of  methodsused  the  value  232. 6depends  on  those  of  the  oxal- 
ate, formate,  acetate  and  ace  to  ny  1-aceton  ate.  With  oxalate, 
formate,  acetate  and  ace  ton  yl -acetate  we  have  organic  com- 
pounds with  a  large  number  of  atoms  in  the  molecules  and 
varying  number  of  molecules  of  water  of  crystallization  pres- 
ent. For  instance,  in  the  oxalate  we  have  Th(,C,0,),,  611^0, 
and  the  acetonyl-acetonate  Th(CjHjO,)j;  molecules  with  thir- 
ty-one and  fifty-seven  atoms  in  them  respectively.  It  is  at  once 
evident  that  such  complex  molecules  are  not  satisfactory  for 
atomic  weight  determinations. 

It  is  upon  the  sulphate  method  chiefly  that  the  atomic 
weight  of  thorium  depends,  but  the  sulphate  determinations 
are  open  to  serious  objections.  There  is  objection  to  using 
any  hydrated  salts,  because  of  the  uncertainty  of  the  compo- 
sition. The  anhydrous  sulphate  is  objectional  because  of  its 
porous  and  deliquescent  nature.  Yet  there  are  other  difficul- 
ties of  much  more  importance  than  these.  In  most  cases  the 
ratio  between  thorium  oxide  and  sulphate  was  established  by 
incinerating  the  sulphate.  This  is  a  difficult  process  and  it 
is  extremely  doubtful  if  all  the  sulphate  can  be  decomposed, 
as  it  forms  a  protective  coating  of  oxide. 

'London  Ob.  Soo.  April,  10,  1901. 

aj.  American  Oh.  Soo.,  Vol.  23.  No.  10.,  Got,,  1001. 
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In  some  cases  the  amount  of  sulphuric  acid  is  determined 
by  precipitation  as  BaSO^,  This  is  also  a  verj  objectionable 
process,  because  of  the  well  known  property  of  barium  sul- 
phate to  occlude  foreign  substances  and  hence  should  be 
excluded  from  atomic  weight  work.  While  the  values  obtained 
from  the  sulphate  method  may  lie  close  to  the  real  value  of 
thorium,  they  probably  deviate  from  it  by  several  points. 

From  the  above  considerations  it  was  first  decided  in  this 
work  to  make  some  determinations  by  the  sulphate  method  in 
order  to  test  its  accuracy.  For  the  material  used  we  are 
indebted  to  Dr.  H.  S.  Miner,  of  the  Welsbach  Lighting  Co., 
Gloucester,  N.  J.,  who  generously  supplied  us  with  a  large 
quantity  of  commercial  thorium  nitrate.  This  thorium  we 
purified  by  several  of  the  accepted  methods  of  purification. 
Half  kilo  of  the  nitrate  was  dissolved  in  three  litres  of  water 
and  precipitated  as  hydroxide  with  ammonia.  This  was  thor- 
oughly washed,  then  dissolved  in  HCl.  The  solution  was 
reprecipitated  by  ammonia.  The  other  part  was  neutralized 
by  ammonia  until  a  slight  precipitate  persisted  and  the  tho- 
rium precipitated  by  the  addition  of  sodium  nitrite.  The 
precipitate  was  thoroughly  washed,  then  dissolved  in  acid  and 
the  precipitation  repeated. 

One  portion  we  attempte<l  to  purify  by  changing  to  the 
chromate,  but  on  subsequent  treatment,  the  chronium  wis  so 
difScult  to  remove  that  this  portion  was  not  used  in  any  of 
our  work  on  the  atomic  weight  of  thorium. 

Another  half  kilo,  after  precipitation  by  ammonia,  was 
purified  by  dissolving  in  ammonium  carbonate  solution,  and 
then  precipitated  by  ammonia. 

Then  a  portion  of  this  precipitate  was  purified  by  the  citrate 
method.  A  saturated  solution  of  citric  acid  was  saturated 
with  thorium  hydroxide  and  stirred  for  twenty-four  hours. 
After  the  citric  acid  would  take  up  no  more  thorium  hydrox- 
ide, the  undissolved  hydroxide  was  filtered  off,  and  the  fil- 
trate was  heated  in  a  water-bath  with  boiling  water.  A 
heavy  white  precipitate  came  down.  This  was  filtered  through 
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a  hot  funnel  with  aid  of  suction  and  washed  until  free  from 
acid.  From  each  of  these  different  sources  the  thorium  was 
used  in  the  work  to  be  described  below. 

In  this  work  the  crucibles  were  obtained  specially  for  the 
purpose  and  were  never  used  for  anything  else.  The  crucible 
in  which  the  substance  was  weighed  was  counter-poised  by  a 
crucible  as  near  the  same  size  and  weight  as  possible.  The 
weights  were  specially  standardized  by  the  Bureau  of  Stand- 
ards and  Weights  at  Washington  and  were  never  used  for 
any  other  work  than  this.  The  balances  were  adjusted  to  a 
constant  load  and  every  weight  made  at  that  load.  The  bal- 
ances were  not  used  for  any  other  purpose  after  the  beginning 
of  this  work.  The  weighings  were  made  by  the  method  of 
vibrations  and  were  made  to  0.000001  of  a  gramme. 

After  the  purity  of  our  thorium  compounds  was  proven  by 
spectroscopic  examination,  we  first  turned  our  attention  to 
the  determination  of  the  atomic  weight  by  the  synthesis  of 
the  sulphate  from  the  oside.  The  method  of  Gerhard  Kruss' 
was  used.  The  oxide  was  brought  to  constant  weight  by  heat- 
ing witli  a  blast  lamp,  then  evaporating  with  sulphuric  acid 
(1:1)  several  times  to  convert  all  the  oxide  into  sulphate. 
Then  the  sulphate  was  brought  to  constant  weight  at  a  tem- 
perature of  360°C.  In  bringing  the  sulphate  to  constant 
weight,  a  bath  of  platinum  was  used.  This  bath  con- 
sisted of  a  cylindrical  tube  of  copper,  about  four  inches 
in  diameter,  mounted  above  a  rose  burner,  and  lined  inside 
with  platinum  anil  outside  with  asbestos.  The  crucible  was  sus- 
pended in  the  center  of  the  bath  by  a  ring  of  platinum  wire. 
The  temperature  was  taken  by  inserting  a  mercury  thermom- 
eter beside  the  crucible.  The  mercury  was  under  twenty 
atmospheres  of  pressure  by  carbon  dioxide,  and  the  thermom- 
eter was  graduated  to  560°C.  It  was  standardized  at  the 
Reichs  Anstalt.  The  results  were  not  strictly  concordant  and 
an  investigation  showed  that  the  ratio  between  oxide  and 
sulphate  varied  with  the  temperature. 

lOhem.  News,  Jan.  80,  1888.  Pp.  Sa, 
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(I)  Copper  Orllnder,  sheathed  with  Asbeatoe,  reetmg  on  three-armed 
Sopport,  cUmped  to  BniiBen  Burner.  (2)  Pkitinnm  Plate,  resting  on  Rose 
Bnraer,  (S).  (4)  Platinnm  Orlinder  restiiiK  on  Asbeatos  Mat.  (6)  Plati- 
iniun  TriADgle,  supported  b;  Platinnm  Wire  Hooks.  (6)  Asbestos  Oorer, 
lined  on  the  inside  with  Platinum;  Hole  in  center  for  Thermometer, 
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Our  work  seems  to  indicate  that  in  the  formation  of  the 
sulphate  a  mixture  is  formed.  The  portion  of  the  sulphate 
next  to  the  crucible  may  have  been  decomposed  while  the 
inner  portion  would  still  be  acid  sulphate.  Since  the  atomic 
weight  determinations  carried  out  by  other  investig-ators  were 
not  made  at  a  definite  temperature,  then  from  our  investiga- 
tions the  values  might  have  a  wide  range.  Of  course,  if  a 
series  were  carried  out  under  exactly  the  same  conditions,  con- 
cordant results  would  be  obtained.  But  still  there  would 
remain  the  question  whether  all  the  body  was  normal  sulphate 
or  acid  or  part  acid  and  part  basic. 

The  determination  of  the  equivalent  from  the  ace  tony  1 -ace  t- 
onate  next  claimed  our  attention.  The  crystals  of  acetonyl- 
acetonate  were  made,  but  they  showed  two  forms  of  crystals 
so  that  they  were  not  used.  The  obvious  disadvantage  of 
using  such  a  compound  has  already  been  mentioned. 

After  considering  the  various  methods  upon  which  the 
equivalent  of  thorium  is  dependent  we  decided  to  try  a  new 
method.  Of  the  compounds  of  thorium  considered  the  tetra- 
chloride seemed  to  offer  the  greatest  advantages.  By  its  use 
the  ratio  could  be  determined  twtween  the  oxide  and  the 
chloride,  and  the  values  of  only  three  elements  would  be 
involved. 

The  thorium  oxide  was  ground  up  in  an  agate  mortar  with 
carbon  (about  one-tenth  the  weightof  the  oxide)  and  the  mixture 
placed  in  a  carbon  boat.  The  boat  was  placed  in  a  hard  glass 
tube  passing  through  a  combustion  furnace  and  while  heated  to 
a  good  red  heat,  dry  chlorine  passed  through  the  tube.  Beau- 
tiful crystals  of  the  chloride  formed  on  the  walls  of  the  tube 
just  beyond  and  above  the  boat.  Still  farther,  lighter  and 
feathery  crystals  formed  in  the  tube,  and  a  white  vapor,  Ber- 
zelius's  "Weisserdampf",  was  driven  off  and  caught  in  alco- 
hol. 

The  carbon  used  was  obtained  by  heating  crystallized  rock 
candy.  The  boats  were  previously  heated  in  a  stream  of  dry 
chlorine  for  several  hours.     The  chlorine  used  was  taken  from 
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an  iron  cylinder,  and  was  analyzed  for  oxygen  and  other 
impurities.  About  two  per  cent,  of  an  inert  ga.s  was  found, 
but  it  was  not  deemed  necessary  to  remove  it.  The  chlorine 
was  dried  by  passing  over  a  train  of  eight  towers  and  wash 
bottles  containing  sulphuric,  and  two  towers  with  glass  beads 
and  sulphuric  acid,  then  finally  through  five  towers  with  glass 
beads  and  sulphuric  acid,  this  being  the  apparatus  used  by 
Richards'  in  his  work  on  the  atomic  weight  of  cobalt  and 
nickel. 

The  method  of  determining  the  ratio  between  the  chloride 
and  the  oxide  was  to  weigh  the  chloride,  dissolve  in  water  and 
evaporate  in  a  platinum  crucible,  then  ignite  to  constant 
weight.  The  portion  of  the  tube  in  which  the  crystals  were 
formed  was  cut  out  and  slipped  quickly  into  a  weighing  bottle 
and  then  placed  in  an  air  bath  at  160°C.  to  drive  off  the  chlo- 
rine. It  was  then  removed  and  placed  in  a  dessicator  and 
after  an  hour  weighed.  After  weighing  the  chloride  was  dis- 
solved in  water  and  then  the  tube  returned  to  the  weighing 
bottle  and  brought  to  constant  weight.  This  gave  the  weight 
of  the  thorium  tetrachloride. 

The  solution  of  thorium  tetrachloride  was  evaporated  in  a 
platinum  crucible  on  the  water  bath,  then  ignited  to  constant 
weight.  In  order  to  bring  to  constant  weight  the  oxide  had 
to  be  blasted  about  seventy  hours.  This  gave  the  weight  of 
the  oxide  derived  from  a  given  amount  of  the  chloride.  But 
no  constant  relation  could  be  obtained. 

Thinking  that  perhaps  the  difficulty  lay  in  not  being  able 
to  drive  off  all  the  chlorine  by  heat  and  ignition,  we  turned 
our  attention  to  the  determination  of  the  halogen.  A  long 
series  of  experiments  investigating  a  new  method  for  the 
determination  of  the  halogen  was  begun.  Since  silver  chlo- 
ride is  soluble  in  water  to  a  certain  extent,  we  decided  to 
investigate  its  solubility  in  alcohol. 

The  alcohol  used  was  absolute  and  freed  from  aldehyde  by 
fractional  distillation  until  it  would  not  respond  to  the  fus- 

iProo.  Amer.  Acnd.  ArtsftSoi.  Vol.  84,  No.  18,  Pp.  883,  1889, 


idbyGoOglc 


52  Journal  of  the  Mitchell  Society^        ^March 

chine  test,  which  shows  one  part  in  a  million.  Silver  nitrate 
solution  was  made  by  dissolving:  pure  silver  prepared  accord- 
ing- to  the  method  of  Stas  by  Venable,  in  pure  nitric  acid.     A 

Several  series  of  experiments  were  carried  out  to  determine 
the  effect  of  an  excess  of  silver  nitrate  in  solution,  of  acidity, 
and  of  temperature.  The  temperature  was  varied  from  boil- 
ing: to  room  temperature  (about  23''C.). 

One  cubic  centimeter  should  have  precipitated  0.0143  gm. 
of  AgfCl.     The  followingf  are  some  of  the  results. 

10.     AgCl  found,  0.756,  theoretical,  0. 1716;  Temp.  30;  excess 

of  AgNO,  0.1028;  acidity,  18.5  cc.  -^  acid. 

12.     AgCl  found  0.1732,  Temp.   30;  excess  AgNO,  0.2399; 

_N 

2 

14.     AgCl  found  0.1800,  Temp.   78;  excess  AgNO,  0.2183; 

N       . 
acidity  25.6cc.   -^  acid. 

18.     AgCl  found  0.17S4,   Temp.   60;  excess  AgNO,  0.0171; 

N      . 
acidity  25.6cc.    —  acid. 

There  were  twenty-five  determinations  carried  out,  all  giv- 
ing too  high  results,  as  may  be  seen  from  the  figures  given. 
By  another  series  of  experiments  carried  out  at  thirty  degrees 
with  rapid  filtration,  it  was  found  that  the  results  in  general 
agreed  with  the  theoretical.  But  the  conditions  were  very 
hard  to  attain. 

We  now  returned  to  our  thorium  and  made  a  series  of  exper- 
iments to  determine  the  chlorine  of  the  tetrachloride.  But 
the  results  were  not  concordant,  which  fact  was  explained  by 
finding  that  even  aldehyde-free  alcohol  decomposes  silver 
nitrate,  causing  finely  divided  silver  to  deiwsit.  Of  course 
this  method  was  immediately  abandoned. 

Now  once  again  we  turned  our  attention  to  determining  the 
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ratio  between  the  chloride  and  the  oxide  of  thorium  by  direct 
evaporation  of  the  chloride  solution  and  the  subsequent  ig-ni- 
tion  of  the  residue  to  the  oxide.  But  noting'  that  the  hard 
glass  tube,  in  which  the  chloride  was  formed,  seemed  to  be 
attacked  by  the  chlorine  at  the  temperature  required  for  the 
formation  of  the  chloride,  it  seemed  possible  that  the  disa- 
greement of  our  values  might  be  due  to  the  formation  of  other 
chlorides  from  the  glass.  A  series  of  experiments  confirmed 
this  view  that  the  g'lass  was  causing  a  contamination  of  our 
thorium  compound.  Hence  we  set  at>out  to  eliminate  this 
trouble. 

Quartz  tubes  were  imported  especially  for  the  work.  These 
were  about  2  cm,  in  diameter  and  25  cm.  long.  In  one  end  of 
one  of  these  was  placed  the  carbon  boat  with  the  mixture  of 
carbon  and  thorium  oxide,  and  the  whole  inserted  in  a  porce- 
lain tube  and  placed  in  the  furnace.  The  porcelain  tube  was 
heated  while  a  stream  of  dry  chlorine  was  passed  through. 
The  "Weisser-dampf"  settled  on  the  walls  of  the  porcelain 
tube,  near  the  end,  and  the  crystals  of  tetrachloride  formed 
in  the  quartz  tube. 

For  weighing  the  chloride,  special  weighing  bottles,  39  cm. 
long,  were  obtained.  Into  one  of  these  the  quartz  tube  was 
quickly  inserted  on  withdrawing  it  from  the  porcelain  tube, 
and  after  removing  the  carbon  boat.  A  second  weighing  bot- 
tle was  used  as  counter-poise.  The  solution  of  the  chloride 
was  evaporated  and  the  final  ignition  to  constant  weight  was 
the  same  as  when  the  glass  tubes  were  used.  The  water  used 
for  the  solution  of  the  chloride  was  purified  by  redistillation 
in  a  platinum  still. 

The  quartz  tubes  also  showed  signs  of  attack  by  the  chlo- 
rine at  the  high  temperature  used,  and  so  the  oxide,  after 
becoming  constant  in  weight,  was  treated  with  hydrofluoric 
acid  and  the  loss  in  weight,  usually  very  small,  applied  as  a 
correction  to  the  weights  of  both  the  chloride  and  oxide. 

Using  every  precaution  in  the  work  we  still  failed  of  con- 
stant values,  most  of  them  falling  between  221  and  230;  yet 
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some  came  lower  and  some  higher  than  those  values.  The 
crystals  that  seemed  to  be  purest  gave  values  within  the  lim- 
its named.  From  the  inability  to  obtain  a  constant  value,  it 
seemed  that  the  crystals  of  chloride  must  be  contaminated.  It 
will  be  remembered  that  the  crystals  of  chloride  were  the  mid- 
dle portion  in  the  formation  of  the  chloride:  that  is,  a  light 
"Weisser-dampf"  passed  to  and  condensed  on  the  front  of  the 
tube,  just  beyond  the  boat  were  the  crystals  of  the  chloride 
used  for  the  work,  and  there  still  remained  a  residue,  mixed 
with  the  carbon  in  the  boat,  that  could  not  be  volatilized.  In 
other  words,  by  distilling-  thorium  oxide  in  chlorine,  three 
fractions  were  obtained. 

After  the  first  distillation  was  performed,  a  determination 
of  the  equivalent  of  each  of  the  end  products  was  made  by  the 
sulphate  method.     The  following  results  were  obtained: 


Oxide  from  non-volatile  part. 

sulphate. 

At.Wt. 

1.636725  gm. 

2.595223 

241.44. 

Oxide  from  most  volatile. 

0.794692 

1.309245 

212.70. 

As  the  complexity  of  thorium  had  been  indicated  by  Basker^ 
ville  and  the  name  "CaroHnium"  proposed  for  the  heavier  ele- 
ment, we  have  applied  the  name  of  CaroHnium  to  the  heaviest 
portion.  For  the  lightest  the  name  "Berzelium"  was  used, 
and  Thorium  for  the  middle  portion. 

After  the  redistillation  of  our  carolinium,  thorium  and  ber- 
zelium fractions  three  times,  a  determination  of  the  atomic 
weight  of  each  was  made  by  the  sulphate  method.  In  chang- 
ing the  oxide  into  sulphate,  sulphuric  acid  (l:lt  was  used. 
This  was  then  carefully  evaporated.  The  berzelium  seemed 
to  be  rapidly  changed;  but  the  thorium  and  carolinium  were 
more  persistent,  requiring  about  four  evaporations.  In  every 
case  sulphuric  acid  was  added  and  evaporated  at  least  four 
times,  to  be  sure  that  all  the  oxide  was  converted  into  sul- 
phate.     The   carolinium   sulphate  was  perfectly  soluble  in 
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water,  thus  showing-  that  all  the  oxide  bad  been  converted 
into  sulphate. 

Two  determinations  of  each,  carolinium,  thorium  and  ber- 
zelium  were  run  at  the  same  time  and  subjected  to  the  same 
conditions  as  nearly  as  possible.  The  sulphate  of  each  was 
heated  at  350°C.  to  constant  weig-ht.  The  platinum  bath 
already  descrit>ed  was  used  and  also  some  larg^  porcelain 
crucibles  with  a  platinum  ring-  suspended  in  the  center  to  hold 
the  crucibles.  The  crucible  with  the  sulphate  was  placed 
on  this  ring,  the  larg'e  crucible  covered  with  a  punctured 
clock  glass,  and  a  thermometer  suspended  through  the  hole 
in  the  glass  just  above  the  sulphate  inside  the  small  crucible 
containing  it.     The  results  obtained  are  given  below. 

The  oxides  of  the  three  fractions  were  different  in  appear- 
ance. The  carolinium  invariably  was  gray  with  pink  tinge, 
the  thorium  slightly  greenish,  and  the  berzelium  a  little  more 
pronounced  green.  The  sulphates  of  all  are  pure  white  when 
cold,  but  that  of  the  thorium  is  yellow  while  hot. 

The  following  are  the  results  from  the  determinations: 


(1)  Carolinium. 

Oxide. 

Sulphate. 

At.  Wt. 

1.559290 

2.434914 

255.5 

0.524254 

0.819365 

255.9 

0.549331 

0.854810 

255.6 

(2)  Thorium. 

Oxide. 

Sulphate. 

At.  Wt. 

0.425456 

0.694936 

220.62. 

0-740052 

1.210405 

220.1 

(3)  Berzelium. 

Oxide. 

Sulphate. 

At.  Wt. 

0.306778 

0.507505 

213.6 

0.320618 

0.530890 

212.0 

From  this  it  seemed  that  we  were  accomplishing  the  sepa- 


idbyGoOglC 


56  JouENAL  OP  THE  MiTCHEi.1,  SociBTY.         {March 

ration  of  the  thorium  into  three  fractions  of  different  atomic 
weights.  The  atomic  weight  of  genuine  thorium  is  there- 
fore not  jet  established. 

I  wish  to  express  my  sincere  thanks  to  Professor  Chas.  Bas- 
kerville  not  only  for  his  sympathy  and  assistance  in  the  work, 
but  for  the  privilege  of  taking  part  in  an  investigation,  which 
has  been  so  fruitful  in  its  results. 

University  of  North  Carolina. 
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PROCEEDINGS  OF  THE  FOURTH  ANNUAL  MEETING 

OF   THE 

NORTH  CAROLINA  ACADEMY  OF  SCIENCE 

HELD   AT 

A.  &  M.  College,  Raleigh,  N.  C,  May  12-13,  1905. 


MAY  13,  1905. 

Meeting-  called  to  order  by  President  Stevens  at  8:30  P.  M., 
but  adjourned  for  informal  conference  during  which  a  number 
of  matters  were  discussed. 

MAY  14,   1905. 

Meetings  called  to  order  at  10  A.  M.  by  President  Stevens, 
who  at  once  appointed  Messrs,  C.  S.  Briralcy  and  W.  C. 
Coker  as  Nominating-  Committee. 

Upon  proper  presentation  of  names,  Messrs.  G.  M.  Bentiej, 
of  the  North  Carolina  Department  of  Agriculture,  at  Raleigh, 
and  J.  G.  Boomhour,  of  the  Baptist  Female  University  also 
at  Raleigh,  wti^}  elected  members. 

The  Academy  then  proceeded  to  the  presentation  of  papers, 
which  were  given  in  the  following  order: 

[iBioed  September  aOtb,  190S.] 
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1.  AbNOKUALITIBS    in    THB   BHBRYO-SAC   OF  LlLLHTH   TIGRI- 

Nuu:  F.  L.  Stevens. 

Three  abnormalities  were  noted.  In  one  case  the 
nucleus  at  the  micro|)ilar  end  of  the  embrjo  sac  was 
underfToing^  constriction  while  in  the  spirem  stage 
without  any  sigfn  of  spindle  formation.  In  another 
case  five  nuclei,  three  of  these  cut  off  by  walls,  were 
in  the  antipodal  end  of  the  embryo  sac.  Another 
slide  exhibited  an  excessively  long  nucleus  in  the 
micropilar  end  of  the  embryo  sac.  No  explanation 
was  offered.  Slides  showing  the  structures  referred 
to  were  exhibited  to  the  Academy. 

2.  NOTBS    ON    THB    FoOD    AND    FkBDING-HABITS     OP     SOHB 

North  Aubrtcan  Rbptilbs:  C.  S.  Brimley. 

Personal  observation  describing  how  a  snake  swallows 
an  animal  or  egg  apparently  too  large  for  such  pro- 
cess. Mentions  the  food  upon  which  snakes,  lizards 
and  turtles  have  been  observed  Ut  feed.  Describes 
how  a  king  snake  kills  another  snake. 

3.  On  THB  Rbcokded  Disthibution  op  Certain  Injuriods 

Insects  in  North  Carouna:  F.  Skerman,  Jr. 

Attention  was  called  to  the  value  of  positive  data  con- 
cerning the  distribution  of  injurious  insects  determin- 
ing the  probable  results  of  sporadic  out-breaks  and  in- 
forming the  prospective  planter  or  orchardist  of  the 
pests  to  be  encountered  in  any  particular  locality. 
The  Division  of  Entomology  of  the  North  Carolina 
Department  of  Agriculture  has  been  keeping  accurate 
records  of  all  reported  insect  outbreaks  for  over  four 
years.  Some  species  appear  to  be  generally  dis- 
tributed, others  so  meagrely  recorded  as  to  furnish 
no  conclusions  as  yet,  while  still  others  show  fairly 
well-defined  limits. 

Notes  and  maps  to  illustrate  distribution  were  given 
as  follows:^ — Chinch  Bug- occurs  probably  throughout 
the  state  east  of  the  mountains,  but  tiost  destructive 
in  the  piedmont  section.  Chm  Bill-beetle,  probably 
occurs  throughout  eastern  half  of  the  state,  but  is 
chiefly  destructive  along  rivers  and  streams  subject 
to  overflow  in  the  eastern  section.  Oyster-shell 
Bark-louse,  probably  occurs  throughout   the   moiin- 
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tain  and  piedmont  sections,  but  chiefly  destructive  ia 
the  mountains.  San  Jose  Scale,  occurs  in  various 
localities  in  all  sections  of  the  state  and  has  been 
spread  largely  by  shipment  of  infested  plants. 
Strawberry  Weevil,  occurs  in  the  strawberry-growinjf 
regrion  in  the  southeast  with  questionable  records  for 
the  counties  of  Wilson,  Richmond,  and  Buncombe. 

4.     A  Nbw  Applb-trbb  Disbasb-  F.  L.  Stevens. 

A  disease  designated  as  scurf  was  described.    It  is  an 
infection  of   the   bark  on   young    twigs,  causing   a 
wrinklinef  and  cracking,  somewhat  resembling  the 
San  Jose  scale  in  appearance.     The  fungus  causing 
this  disease  was  exhibited  in  pure  plate  and  tub  cul- 
ture before  the  Academy.     Inoculation  experiments 
are  in  progress,  and  a  canvas  of  the  state  is  being 
made  in  order  to  determine  the  extent  of  distribution 
and  seriousness  of  the  disease. 
Remainder  of  the  papers  were  withheld  to  be  read  at  the 
Joint  Session  with  ^he  North  Carolina  Section  of  the  Ameri- 
can Chemical  Society. 

The  Academy  then  proceeded  with  the  business  of  the 
regular  business  meeting  and  upon  report  of  the  nominating 
committee  and  by  ballot  the  following  officers  for  the  next 
year  were  elected: 

President,  Prof.  Jno.  F.  Lannead,  Wake  Forest. 
Vice-President,  Dr.  Tait  Butler,  Dept.  Agr.  Raleigh. 
Secretary-Treasurer,  Dr.  F.  L.  Stbvens,  A.  &  M.  College, 
West  Raleigh. 

Executive  Committee: — Prof.  Jno,  F.  Lannbau,  ex  officio. 
Dr.  F.  L.  Stbvuns,  Prof.  Collier  Cobb,  Chapel  Hill;  Mr. 
H.  H.  Brihlby,  Dept.  Agr.,  Raleigh;  Mr.  F.  Sherman,  Jr., 
Dept.  Agr.,  Raleigh. 

At  this  point  the  memt>ers  of  the  Chemical  Society  entered 

and  the  Academy  proceeded  to  the  business  of  the  joint  ses- 

sion,  at  which  the  following  papers  were  presented: 

1.    The    Science    of    Plant    Pathology,    (Presidential 

Address  of  President)  F.  L.  Stevens  for  the  Academy. 

(Appears  in  full  in  this  issue.  ^ 
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2.  A  New  Color  Rbaction  for  Lignocelltjlose: 

A.  S.  Wheeler. 

3.  Physics  of  Shooting  Stars:  Jno.  F.  Lanneau. 

4.  Corrosion  of  Iron:  R.  O.  E.  Davis. 

5.  CoNDBNSBD    Form    of    Fat    Extractor    and    Ether 

Rbcovbrer:  /.  M.  Picket. 

6.  Bdttbrplibs  of  Raleigh,  N.  C;  C.  S.  BritnUy. 

In  this  paper  the  number  of  species  belonging;  to  each 
of  the  families  of  butterflies  was  enumerated.  Paper 
was  illustrated  by  specimens  prepared  in  Riker 
mounts. 

7.  A  Pharmacist's  View  op  Patent  Medicines:  (summar- 

ized only)  E.  V.  Htmell. 

At  the  conclusion  of  this  program  President  Williams  of 
the  Chemical  Section  announced  the  adjournment  of  both 
bodies  to  Giersch's  Cafe  where  a  lunch  was  tendered  the  visi- 
tors by  the  Raleigh  members  of  both  organizations. 

Franklin  Sherman,  Jr., 

Retiring  Secretary. 
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THE  SCIENCE  OF  PLANT  PATHOLOGY.* 


BY   PKOPBSSOR  FRANK  LINCOLN  STHVBNS,    PH.D., 
North  Oarolina  Oollege  of  AgrionltnTe. 

From  the  time  men  first  had  interest  in  plants,  knowledge 
of  their  imperfections  or  premature  death  has  existed,  with- 
out, however,  definite  conception  that  the  imperfections  in 
question  really  constitute  a  condition  of  disease. 

The  Bible  and  the  early  writings  of  the  Greeks  and  Romans 
contain  references  to  what  we  now  recognize  as  wheat  rust, 
fig  blight,  insect  galls  and  other  of  the  more  strikingly  con- 
spicuous plant  ailments.  Such  references  are  more  abundant 
in  the  literature  of  the  seventeenth  century,  and  in  the  latter 
part  of  that  and  the  eighteenth  century  a  few  papers  giving 
careful  descriptions  of  malformations  due  to  insect  invasion 
appeared.  Even  the  law  was  invoked  to  aid  in  combating 
the  wheat  rust  in  France  as  early  as  1660.  Prior  to  the  nine- 
teenth century,  however,  knowledge  of  plant  diseases  can 
hardly  be  said  to  consist  of  more  than  mere  observation  of  the 
fact  tha*  such  diseases  occur,  and  the  little  real  knowledge 
that  did  exist  was  swamped  by  rampant  superstition. 

It  is  natural  that  the  first  attempts  to  explain  imperfections 
were  founded  upon  climatic  and  soil  relations.  Vestigial 
beliefs  prevail  to  this  day  throughout  the  country  among  the 
untutored  to  the  effect  that  the  various  blights,  rusts,  rots, 
mildews,  etc.,  are  caused  solely  by  untoward  conditions  of 
weather,  or  the  unpropitious  position  of  celestial  bodies  or 
some  other  occult  influence. 

The  significance  of  one  great  factor  in  the  production  of 
plant  disease,  namely  the  parasitic  fungi,  remained  quite 
unrecognized  until  the  second  decade  of  the  nineteenth  cen- 

■Beprinted  bom  The  Popular  Soienoe  Montblj,  September,  lOOQ. 
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tury.  Fungi  had  been  seen  upon  the  plant  and  had  been 
described  in  some  detail  during  the  preceding-  decade,  but 
instead  of  being  recognized  as  casual  agents  of  disease  they 
were,  as  was  the  fate  of  bacteria  in  the  case  of  animal  dis- 
eases, by  many  regarded  as  products  of  disease.  Before  the 
study  of  plant  diseases  could  be  scientifically  undertaken,  the 
basic  facts  of  plant  nutrition  were  to  be  discovered,  the  para- 
sitic habit  of  the  fungi  proved,  the  minute  anatomy  of  the 
plant  disclosed.  Bpoch-making  in  the  disclosure  of  these  des- 
iderata, which  may  be  said  to  have  given  birth  to  plant 
pathology  as  a  science  in  the  second  decade  of  the  nineteenth 
century  were  the  investigations  of  the  early  Dutch,  French, 
German  and  E^nglish  botanists.  Like  bacteriology,  plant 
pathology  is  an  infant  science  of  the  last  century,  owing  its 
being  to  the  perfection  of  the  microscope. 

In  the  last  two  decades  of  the  last  century,  scientific  effort 
concerned  itself  chiefly  with  accumulating  knowledge  con- 
cerning fungi  and  insects.  Vast  numbers  of  these  were  clas- 
sified, catalogued  and  described.  In  other  words,  the  means 
of  diagnosis  were  perfected  and  diseases  were  grouped  into 
natural  classes  according  to  their  casual  agents.  Attempts 
toward  the  development  of  methods  of  treatment  by  the  use 
of  various  sprays  were  more  or  less  effective.  Indeed,  spray- 
ing bad  been  advocated  to  some  slight  extent  for  a  century  or 
more  as  a  remedy  for  insect  and  other  plant  diseases.  The' 
variety  of  spraying  substances  ranged  from  clay,  ashes  and 
cow  manure  to  sulphur,  lime,' salt,  etc.  One  writer  recom- 
mended "The  applying  around  the  base  of  the  tree;  flax,  rub- 
bish, sea  weed,  ashes,  lime,  sea  shells,  sea  sand,  mortar,  clay, 
tanner's  bark,  leather  scraps,  etc." — evidently  not  a  homeo- 
pathic prescription.  The  variety  of  substances  recommended 
raises  suspicion  that  the  efBciency  of  no  formula  was  demon- 
strated. In  I7S7  we  find  the  heroic  advice,  'just  wet  the  trees 
infested  with  lice,  then  rub  flowers  of  sulphur  upon  the 
insects,  and  it  will  cause  them  all  to  burst.'  Some  decided 
progress   was,  however,  made.     As  early   as  1842,  a  whale 
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soap  was  used  and  retained  favor;  quassi,  hellebore  and 
tobacco  were  standard  insecticides  as  early  as  1855.  Sulphur 
was  used  for  the  mildews  and  bluestone  for  wheat  smut. 

The  last  twenty  years  of  the  nineteenth  century  mark  the 
beginning  of  a  new  epoch  in  plant  protection.  For  this  there 
are  three  reasons:  first,  the  increased  aggressiveness  of  a 
certain  fungous  disease,  the  grape  mildew,  in  Europe;  sec- 
ond, the  rapid  spread  of  the  potato  bug,  somewhat  pedanti- 
cally termed  the  Colorado  beetle,  and,  third,  resulting  from 
these  two,  revolutionary  changes  in  materials  and  methods 
for  treating  plant  diseases,  both  fungous  and  insect,  in  the 
new  world  and  in  the  old.  It  is  a  matter  not  entirely  without 
interest  that  the  revolution  in  European  methods  may  be 
definitely  traced  to  typical  American  aggressiveness,  inas- 
much as  the  activity  arousing  fungus  was  of  American 
importation. 

In  Europe  the  invasion  of  the  downy  mildew  of  the  grape 
in  1878  was  unchecked  by  the  most  vigorous  fungicides  then 
used.  AU  are  familiar  with  the  story  of  the  great  benefit 
conferred  upon  humanity  through  the  predatory  habits  of  the 
French  boys  in  the  vineyards  that  produce  the  famous  Bor- 
deaux wines.  The  rows  lying  nearest  the  roadway  were 
sprinkled  with  verdigris  or  a  mixture  of  lime  and  bluestone, 
to  give  the  impression  that  the  fruit  was  poisoned.  In  1882 
Miltardet,  of  the  faculty  of  the  sciences,  noticed  that  the 
vines  thus  treated  held  their  leaves  while  others  succumbed 
to  the  mildew.  He  ascribed  this  effect  to  its  proper  cause, 
and  conducted  carefully  systematized  experiments,  which 
resulted  in  giving  to  the  world  bouillie  bordelaise,  Bordelaiser 
Bruke,  or  Bordeaux  mixture,  a  proved  fungicide  of  great  effi- 
ciency; one  that  has  not  yet  l>een  surpassed. 

In  the  new  world  the  extension  of  the  potatoe  belt  west- 
ward connected  the  eastern  potato  belt  with  the  region  of  the 
native  food  plant  of  the  familiar  potato  bug.  Finding  the 
potato  plant  a  more  abundant  and  wholesome  food  than  the 
wild  solonaceous  plants  that  it  had  formerly  fed  upon,  the 
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potato  bug  began  its  castem  migration.  In  18S9  it  was 
found  east  of  Omaha  Citj,  in  1868  it  had  reached  Illinois,  io ' 
1870  Ontario,  in  1872  New  York  and  in  1874  it  was  upon  the 
Atlantic  seaboard.  The  potato  bug  ate  ravenously  and  man 
was  stimulated  to  new.  activity  in  the  search  for  more  effec- 
tive means  to  overcome  insect  pests.  The  use  of  Paris  green 
and  London  purple  followed  as  a  direct  result  of  this  stimu- 
lus. 

The  development  of  efficient  fungicides  and  insecticides  in 
Europe  and  America  lod  naturally  to  the  perfection  of  the 
machines  used  in  applying  these  mixtures,  and  not  the  least 
important  part  played  in  the  development  of  a  practical  plant 
pathology  is  concerned  with  the  evolution  of  spraying 
machines.  The  first  sprayer  consisted  of  a  bunch  of  switches. 
This  was  dipped  into  the  spraying  mixture  which  was  dis- 
tributed over  the  foliagu  by  vigorous  shaking.  It  gave  place 
to  an  improved  spraying  broom  or  brush  with  hollow  handle, 
the  liquid  flowing  from  a  reservoir  to  the  brush,  from  which 
it  was  applied  to  the  leaves.  Sprayers  and  pumps  followed 
in  turn.     Then  came  the  improvement  of  the  nozzle. 

Wc  may  recognize  two  periods  in  the  development  of  plant 
pathology:  the  first  or  embryonic  period  extending  from  pre- 
historic times  to  the  beginning  of  the  truly  scientific  investi- 
gations in  the  middle  of  the  eighteenth  century,  and  contrib- 
uting chiefly  observations,  collections,  descriptions;  the  sec- 
ond or  formative  period,  during  which  the  foundations  of  the 
science  were  laid,  the  chief  factors  of  it  determined,  and  the 
chief  lines  of  future  progress  marked  out. 

It  is  in  no  way  my  purpose  to  call  attention  to  the  part  the 
Carolinas  have  played  in  botany  as  a  science,  yet  I  can  not 
refrain  in  passing  from  mentioning  that  prominent  place  in 
the  history  of  American  mycology  is  assured  to  de  Schwein- 
itz,  a  minister  of  Salem,  N.  C,  who  in  1818  published  the 
first  important  paper  on  American  fungi;  to  M.  A.  Curtis,  a 
tutor  in  Wilmington,  N.  C,  who  in  1830,  with  Berkeley  in 
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England,  described  many  fungi  of  the  Carolinas;  to  Ravenal, 
of  South  Carolina,  the  first  to  publish  exsiccati  of  American 
fungi,  and  to  Louis  Bosc,  of  South  Carolina,  who  published  a 
descriptive  list  in  1811. 

The  embryonic  and'formative  period  prepared  the  way  for 
the  third  period,  beginning  about  1885,  which  may  be  called 
the  period  of  growth.  It  is  marked  by  the  development  and 
perfection  of  the  rudimentary  principals  and  discoveries  of 
the  preceding  periods.  It  was  during  this  period  that  the 
most  spectacular  conquests  were  made;  that  popularization 
and  extension  of  methods  occurred.  So  great,  so  numerous, 
so  wonderful  were  the  advances  made  during  the  past  decade, 
•  that  we  frequently  see  the  statement  that  little  or  no  progress 
had  been  made  in  plant  pathology  prior  to  1885.  The  pres- 
ent day  student  should,  however,  bear  in  mind  that  it  was 
the  persistent,  arduous,  patient  work  of  the  preceding  years 
that  rendered  possible  the  progress  of  the  closing  years  of  the 
century. 

My  denomination  of  this  period  as  'the  period  of  growth' 
indicates  the  nature  of  the  changes  which  it  inaugurates; 
growth  in  every  direction  and  concerning  every  phase  of  the 
subject.  There  has  been  growth  in  the  list  of  plant  mala- 
dies. New  diseases  have  been  discovered  by  scores,  and  old 
diseases  have  been  found  to  affect  new  plants,  and  diseases 
hitherto  insignificant  have  taken  prominent  places  as  danger- 
ous foes.  The  alteration  of  the  plant  constitution  by  high 
selection  and  breeding,  the  bringing  of  plants  into  new  cli- 
matic or  soil  relations,  the  more  intensive  cultivation,  the 
bringing  of  a  susceptible  plant  into  a  region  where  a  parasite 
is  already  growing  upon  one  of  its  botanical  relatives,  thus 
exposing  it  to  a  possible  new  foe,  are  conditions  that  operate 
to  admit  of  the  evolution  of  new  diseases.  The  growing  of 
plants  in  large  quantities  in  solid  blocks,  rather  than  spar- 
ingly in  scattered  gardens,  brings  about  a  congested  condi- 
tion comparable  with  the  crowding  of  our  cities,  and  favors 
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the  development  of  epidemics*  bj  furnishing-  abundant  mater- 
ial for  the  parasitic  organisms  to  attack,  abundant  nutriment 
upon  which  they  may  multiply,  and  abundant  opportunity  for 
them  to  reach  new  hosts  and  spread  the  contagion.  With 
potatoes,  for  example,  raised  merely  as  garden  crops,  the 
probability  of  an  epidemic  affecting  the  majority  of  gardens 
is  not  so  great  as  when  potatoes  are  raised  in  vast  fields.  A 
single  field  crop,  once  infested,  so  contaminates  the  air  with 
spores  that  other  fields  are  almost  sure  to  become  infected. 
The  contagium  becomes  sufficiently  multiplied  to  break  the 
quarantine,  and  a  general  epidemic  results.  Any  factor 
which  tends  to  increase  the  occurrence  of  epidemics  may 
quickly  raise  a  given  disease  from  obscurity  to  a  position  of 
commanding  importance.  So,  too,  dees  the  increase  in  value 
of  hitherto  comparatively  insignificant  crops.  The  pecan  and 
cranberry  are  at  present  objects  of  particular  solicitude  by  the 
plant  physician. 

With  the  importation  of  plants  from  foreign  countries  and 
the  transportation  of  plants  from  one  part  of  the  country  to 
another  comes  the  possibility  of  increased  disease  transfer- 
ence. Recent  years  have  seen  the  San  Jose  scale  spread  from 
the  Pacific  to  the  Atlantic;  the  asparagus  rust  from  the 
Atlantic  to  the  Pacific;  the  hollyhock  rust  has  invaded  us 
from  Europe;  the  chrysanthemum  rust  from  the  Orient;  the 
watermelon  wilt  is  now  moving  northward  and  the  peach  yel- 
lows southward.  In  nearly  all  cases  where  the  soil  is  dis- 
eased the  affected  region  is  annually  enlarging,  so  that  soil 
diseases  a  decade  ago  insignificant  in  the  territory  of  their 
occupation  are  fast  assuming  control  of  alarmingly  large 
regions.  The  growing  of  plants  in  larger  quantities  also 
increase  the  amount  of  germ-bearing  refuse  to  the  ultimate 
end  that  the  very  air  and  soil  become  germ  laden. 

Civilization,  higher  culture  and  community  life,  especially 

The  naa  of  the  word  epidemic  ia  telatlon  to  plant  dlaeMea  whUa  ety  - 
mologioKUy  inoorreot,  aeems  Joatifled  siaoe  no  other  w<n4  oonveyi  the 
dedied  meftning  and  the  meaning  of  this  word  Is  dear  to  all. 
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if  it  verge  upon  congestion  of  population,  exacts  an  inevita- 
ble forfeiture  by  increased  mortalit;.  Thus  does  the  list  of 
diseases  that  conies  within  the  horizon  of  the  practical  men 
enlarge.  Wonder,  often  scepticism,  is  expressed  at  the  exist- 
ence of  unfamiliar  diseases  of  man,  other  animals  and  plants, 
as  though  these  afBictions  were  conjured  up  by  the  examina- 
tion of  the  over  zealous  practitioner.  The  increase  of  afStc- 
tion  is  more  apparent  than  real,  as  it  is  in  the  case  of  appen- 
dicitis, which  is  now  recognized,  named  and  cured,  conse- 
quently, heard  of,  whereas  under  the  old  regime  it  was  not 
recognized  as  a  distinct  disease,  therefore  it  was  unheard  of, 
though  the  patient  died.  Parallel  cases  might  be  cited 
among  the  plants. 

The  work  of  DeBary  on  polymorphism  among  the  fungi  is 
being  extended.  Knowledge  of  the  life  histories  of  various 
pathogenic  fungi  is  being  slowly  expanded.  Summer  forms 
are  connected  with  winter  forms,  and  thereby  the  hibernating 
condition,  often  the  most  vulnerable  point  of  attack,  exposed. 
The  discovery  of  heteroecism  in  the  rusts,  the  alternation 
from  wheat  to  barberry,  from  apple  to  juniper  is  of  classic 
antiquity  in  the  annals  of  plant  pathology.  It  emphasized 
the  need  of  close  study  of  life  histories  of  all  parasites.  Such 
studr  has  given  abundant  fruit,  notably  in  disclosing  the 
relation  between  the  apple  cankers  and  the  bitter  rot  of  the 
apple,  and  revealing  the  winter  condition  of  the  brown  rot  of 
the  peach.  The  lead  so  fortunately  made  in  the  discovery  of 
the  Bordeaux  mixture  has  been  assiduously  prosecuted.  The 
original  Bordeaux  mixture  has  been  greatly  modified, 
changed,  indeed,  from  a  thick  paste  to  a  thin  solution,  and  so 
thoroughly  tested  in  all  its  modifications,  that  it  has  now 
reached  its  ultimate  perfection.  Hundreds  of  other  chemi- 
cals, both  dry  and  wet,  have  been  tested  as  fungicides,  with 
the  adoption  of  a  few  adapted  to  special  conditions,  e.g.,  sul- 
phur and  sulphides  for  powdery  mildews  and  the  ammoniacal 
copper  carbonate  for  use  as  the  fruit  ripens,  thus  avoiding 
unsightly  spotting.      A  happy  combination  of  insecticide  and 
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fungficide  has  been  found  in  the  various  sulphur  washes. 
There  has  been  very  remarkable  growth  in  the  perfection  of 
spraying  appliances;  pumps  and  dusters  of  many  kinds  are 
upon  the  market.  Particularly  is  the  improvement  in  nozzles 
to  be  noted.  Nozzles  constructed  upon  scientific  principles, 
capable  of  applying  the  liquid  in  the  form  of  the  finest  spray 
to  the  tops  of  the  highest  trees.  In  the  plac«  of  the  old  band 
pump  and  pail  we  find  barrel  pumps  on  wheels,  tanks  on 
wheels  with  pumps  operated  by  gearing  attached  to  the 
wheels,  and  finally  for  the  larger  fruit  farms  and  for  munici- 
pal care  of  shade  trees  are  multiple  pumps  driven  by  steam 
power. 

The  treatment  of  seeds  to  kill  adhering  spores  has  been 
improved  upon  in  many  details.  It  illustrates  especially  well 
the  nature  of  the  development  during  the  present  epoch  of 
plant  pathology.  Originally  the  treatment  for  wheat  smut 
was  based  purely  upon  superstition.  Pliny,  for  example,  says 
that  'if  branches  of  laurel  are  fixed  in  the  ground  the  disea  % 
will  pass  from  the  field  into  the  leaves  of  the  laurel.'  Tutl 
in  1730  says  that  there  are  but  two  remedies  proposed,  brin- 
ing and  changing  the  seed.  The  avoidance  of  certain  kinds 
of  manure  because  of  their  effect  upon  the  host  plant  and 
because  they  carried  the  smut  spores  was  also  advocated 
about  that  time.  The  scientific  demonstration  by  Brefeld 
that  the  plant  ts  susceptible  only  when  very  small,  gave  rise 
to  the  thought  that  by  hastening  the  early  growth  the  period 
of  susceptibility  could  be  shortened,  and  methods  of  planting 
and  tilling  in  accord  with  that  idea  were  advocated.  In  addi- 
tion to  cultural  methods  mechanical  treatment  of  seeds,  such 
as  passing  the  wheat  loosely  between  millstones,  violent  fan- 
ning, etc.,  were  suggested  about  1786.  The  chemical  treat- 
ment of  seeds,  says  Tull,  was  accidentally  discovered  about 
1660  by  the  sinking  of  a  shipload  of  wheat  at  Bristol,  and 
afterwards,  finding  it  unfit  for  breadmaking,  it  was  used  for 
seed  wheat.  The  following  harvest  in  England  was  very 
smutty  except  in  the  case  of  this  accidentally  brined  seed. 
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which  made  a  clean  crop.  Then  followed  brining^  with  lim- 
ing and  liming  without  brining,  soaking  in  lime,  arsenic, 
salt,  arsenic  and  lye,  and  various  other  treatments,  none  of 
which,  however,  came  into  general  use.  Accident  coupled 
with  acumen  again  aided  in  hastening  a  discovery.  Provost 
while  attempting  to  germinate  some  spores  placed  some  of 
them  in  water  distilled  in  a  copper  vessel.  These  failed  to 
germinate,  though  similar  spores  placed  in  water  which  had 
not  touched  copper  germinated  well.  Following  this  lead  he 
and  numerous  other  investigators  experimented  extensively 
with  copper  compounds  during  succeding  years. 

Such  is  the  history  of  the  development  of  a  treatment  effec- 
tive for  smut  of  wheat  and  barley,  but  not  for  that  of  oats. 
The  next  marked  advance  was  made  by  Jensen,  a  Dane,  who 
in  ^887  developed  the  famous  Jensen  Ibot  water  treatment,  a 
treatment  which  though  requiring  considerable  accuracy  of 
manipulation  was  thoroughly  effective.  This  method,  if  no 
easier  were  to  be  had,  was  well  worth  to  practical  agriculture 
all  that  the  experiment  stations  of  the  world  have  ever  cost. 
Within  only  a  few  years,  however,  the  Jensen  treatment  was 
supplanted  by  the  formalin  treatment;  a  treatment  so  simple, 
inexpensive  and  effective  that,  save  for  minor  improvements 
of  detail,  the  end  seems  to  have  been  reached  in  the  search 
for  preventives  for  the  particular  diseases  to  which  the 
method  applies. 

Growth  of  knowledge  concerning  bapterial  diseases  has 
occurred,  beginning  with  the  pear  blight  which  baffled  all 
horticulture  prior  to  the  assertion  of  its  bacterial  nature  by 
Professor  Burrill.  The  proof  that  bacteria  can  and  do  cause 
plant  diseases  has  been  definitely  adduced,  and  a  large  num- 
ber  of  such  diseases  have  been  recognized  upon  many  plants. 
Not  only  from  the  scientific  side  have  these  ailments  been 
studied,  but  from  the  practical  as  well,  and  preventive  and 
palliative  measures  have  in  many  instances  been  found. 

The  soil  is  often  spoken  of  as  the  living  earth.  Not  only 
may  it  live,  but  it  also  partakes  of  those  chief  accompani- 
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ments  of  life,  vis.,  health,  sickness  and  death.  A  healthy 
soil  may,  from  an  ag^riculturat  point  of  view,  be  regarded  as 
one  capable  of  fulGlliag  all  its  vital  functions;  a  sick  soil,  one 
in  which  some  functions  are  impaired.  Of  only  one  class  of 
soil  sickness  may  I  speak,  namely,  that  which  results  in  pro- 
ducing sick  plants  by  harboring  pathogenic  germs.  The  cot- 
ton wilt,  the  Texas  root  rot,  the  watermelon,  tobacco,  tomato 
and  cabbage  wilts,  the  cabbage  club  foot  and  the  onion  smut 
are  conspicuous  examples  of  diseases  so  propagated.  Dis- 
eases of  this  type  not  only  destroy  the  crop,  but  they  preclude 
the  possibility  of  successful  culture  of  the  plant  in  question, 
or  of  its  close  botanical  relatives  for  many  years.  Such  foes 
1o  agriculture  have  completely  destroyed  the  possibility  of 
tobacco  growing  on  many  farms  otherwise  eminently  adapted 
to  this  crop  and  ill  adapted  to  any  other,  resulting  in  great 
depreciation  in  the  value  of  the  land.  This  encroachment 
upon  valuable  soil  will  proceed  yearly,  and  with  geometrically 
increasing  rapidity,  until  means  of  prevention  are  discovered, 
as  they  have  now  been  in  some  instances,  and  the  method  of 
prevention  becomes  common  knowledge.  Soil  diseases,  the 
most  dreaded  of  all  dangers  to  the  plant,  are  prevalent  to 
much  greater  extent  in  the  south  than  in  the  north.  One 
field  is  known  to  exist  in  South  Carolina  upon  which  neither 
melons,  cotton  nor  cow-peas  can  be  grown.  It  is  conceivable 
that  many  other  germs  could  infest  one  and  the  same  field, 
but  no  greater  affliction  concerning  such  staple  crops  seems 
possible. 

Growth  in  popular  appreciation  of  the  importance  of  plant 
diseases  and  of  the  value  of  remedial  and  prophylactic  meas- 
ures is  perhaps  the  most  striking  characteristic  of  plant  path- 
ology in  the  last  twenty  years.  At  the  beginning  of  this  per- 
iod spraying  was  in  no  wise  general.  It  was  of  rare  occur- 
rence. Man  suffered  unresistingly  the  attacks  of  the  molds, 
mildews,  rots  and  blights.  The  circulation  of  thousands  of 
state  experiment  station  bulletins  and  similar  bulletins  from 
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the  national  department  of  agriculture,  the  vigforous  cam- 
paign of  fanners'  institutes,  farmers'  reading  circles,  farmers' 
extension  courses,  and  the  extended  use  of  farmers'  periodi- 
cals and  agricultural  papers  have  served  to  bring  the  latest 
discoveries  of  science  to  the  use  of  him  who  will  heed.  As  is 
to  be  expected,  it  is  the  man  who  most  closely  studies  his 
business,  he  who  has  most  at  stake,  the  large  specialist  in  the 
culture  of  any  crop,  who  first  embraces  the  offered  aid.  The 
orcfaardist  or  viaeyardist  leads  the  way  is  the  adoption  of  new 
methods  and  new  machinery.  The  revolution  looking  toward 
recognition  of  the  value  of  plant  treatment  is  now  so  thor- 
oughly inaugurated  that  the  treatment  of  such  diseases,  both 
insect  and  fungous,  in  the  case  of  fruit  and  trucking  crops  is 
of  general  occurrence.    The  movement,  too,  is  world-wide. 

The  practical  outcome  of  all  the  investigation  and  propa- 
ganda up  to  the  present  time  is  that  many  hundreds  of  plant 
diseases  have  been  recognized;  for  a  hundred  or  more  have 
been  prescribed  remedial  or  preventive  measures,  many  of 
which  are  eminently  successful;  witness,  the  treatment  of 
cereal  smuts,  the  peach  curl,  the  grape  black  rot,  the  powdery 
mildews.  The  saving  occasioned  by  any  one  of  these,  as  is 
true  of  scores  of  others,  would  amply  sufSce  to  pay  all  the 
expense  of  investigation  and  propaganda  incurred  in  the 
development  of  the  whole  field  of  plant  pathology.  By  oat 
smut  alone  the  estimated  damage  in  the  United  States  yearly 
is  $26,766,166,  a  loss  avoidable  by  an  annual  expenditure  of 
less  than  four  cents  an  acre.  The  saving  actually  made  in 
Dakota,  Minnesota  and  Wisconsin  in  one  year  is  placed  at 
$5,000,000. 

The  future  problems  of  plant  pathology  are  manifold. 
The  period  of  growth  must  continue  long  before  the  work 
now  undertaken  is  done.  Many  diseases  of  even  the  culti- 
vated plants  are  not  yet  recognized.  The  diseases  of  wild 
plants,  particularly  the  weeds,  must  too  be  studied  to  ascer- 
tain the  possibility  of  intercommunication  of  diseases  between 
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weeds  and  crop  plants.  The  life  histories  of  all  disease  pro- 
ducing fungi  must  be  closely  studied,  particularly  to  deter- 
mine their  hibernating  condition.  As  yet  the  merest  begin- 
ning has  been  made.  The  interrelation  of  host  and  parasite 
must  be  studied,  the  periods,  points  and  modes  of  infection 
made  known.  The  biology  of  the  fungi,  their  life  habits, 
conditions  of  spore  formation,  characters  of  growth,  relation 
to  light,  heat,  moisture,  nutriment,  etc.;  their  resistance  to 
adverse  conditions,  their  longevity  under  various  conditions 
of  environment  are  all  problems  of  ultimate  practicality. 
The  question  of  species  is  unsettled  and  the  recent  demon- 
stration of  biologic  varieties  among  the  rusts,  mildews  and 
fusariums  opens  a  large  and  important  field  of  research.  The 
agencies  operating  as  disease  distributors,  the  wind,  insects, 
soil,  man,  water  or  what  not  must  \x  known  that  such  distri- 
bution be  more  readily  controlled.  The  causes  of  resistance 
and  susceptibility  to  certain  diseases  rest  in  obscurity,  except 
in  a  few  cases  where  the  responsibility  has  been  fixed  upon 
some  particular  structure  or  chemical.  The  breeding  of 
plants  resistant  to  specific  diseases  not  readily  amenable  to 
other  means  of  control  must  proceed.  Such  work  is  now  in 
progress  with  cotton,  melons,  tomatoes,  tobacco,  grains,  flax 
and  other  plants.  The  relation  existing  between  many  root 
fungi  and  bacteria  and  the  roots  they  inhabit  remains  to  be 
studied.  Aside  from  parasitism  there  is  also  mutualism,  a 
kind  of  beneficial  disease  falling  to  the  province  of  plant 
pathology.     It  needs  much  further  study. 

Specific  proMems  also  abound,  the  peach  yellows  and  ros- 
ette, the  mycoplasm  theory  of  rusts,  the  grape  Brunnisure. 
Differences  of  opinion  now  exist  or  the  technique  or  scientific 
data  arc  insufficient  for  an  adequate  solution  of  these  ques- 
tions and  many  other  similar  ones.  Work  on  timber  protec- 
tion, while  not  strictly  a  question  of  disease,  but  rather  a 
post-mortem  problem,  falls  to  the  lot  of  the  pathologist  for 
the  want  of  a  more  appropriate  place.      That  intensive  study 
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of  a  disease,  however  thoroughly  it  may  seem  to  have  been 
studied  before,  may  lead  to  important  development  is  well 
illustrated  in  the  case  of  the  familiar  pear  blight,  which, 
though  known  for  ages  and  the  topic  of  masterly  classic 
research,  has  recently,  under  trained  observation  and  critical 
interpretation  and  experimentation,  revealed  new  secrets 
leading  to  more  masterful  and  complete  control.  The  large 
fields  of  plant  pathology,  grouped  under  the  term  'physiologi- 
cal disorders,*  are  still  practically  unworked;  diseases  due  to 
false  nutrition,  absorption  or  assimilation,  or  to  impaired  car- 
bon assimilation  owing  to  improper  environment,  to  crowding 
or  shading  or  to  hereditary  inabilities.  A  start  has  been 
made  sufficient  to  show  the  importance  of  the  results  await- 
ing. 

The  recent  discovery  of  the  ultramicroscopic  organisms  or 
filterable  enzymes  which  has  robbed  the  bacteria  of  the  dis- 
tinctioin  of  being  the  smallest  of  living  things  opens  a  new 
field  in  both  plant  and  animal  pathology  comparable  in  kind, 
though  probably  not  in  magnitude,  with  the  creation  of  bac- 
teriology by  Pasteur,  It  is  yet  unknown  whether  we  have  to 
do  here  with  organisms  or  enzymes,  and  contemplation  of  the 
problems  awaiting  in  this  realm  places  us  in  a  position  to 
appreciate  more  fully  than  ever  before  the  great  controversy  of 
spontaneous  generation  as  fought  in  the  sixties.  The 
announcement  in  a  recent  periodical  of  the  discovery  of  solu- 
ble protoplasm  emphasizes  the  existence  of  a  vast  unknown 
covered  by  the  words  protoplasm,  enzymes,  invisible  organ- 
isms. Is  it  coincidence  of  fate  that  with  the  growing  impor- 
tance of  the  problem  of  the  invisible  organism  there  comes 
the  invention  of  a  microscope  of  surpassing  excellence  with 
which  the  seeing  of  molecules  is  a  hoped  for  possibility? 

The  science  of  plant  pathology  is  indeed  young.  It  has 
yielded  much,  and  it  is  still  full  of  promise.  In  the  achieve- 
ment of  the  results  to  come  draught  will  be  made  upon  the 
sister  sciences  even  more  than  in  the  past.    Plant  physiology 
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waits  upon  chemistry;  plant  pathology  upon  plant  physiol- 
og7,  and  chemistry  in  return  receives  valuable  contribution 
from  both.  Mathematics,  physics  and  geology  all  contribute 
to  the  general  upbuilding.  The  sciences,  though  becoming 
more  divergent  instead  of  becoming  more  independent,  are 
yearly  becoming  more  dependent,  each  using  the  discoveries 
of  the  others  to  gain  new  foothold  or  new  tools  in  the  search 
for  truth.  Often  it  is  the  frontier  territory  lying  between 
two  sciences  which,  belonging  distinctively  to  neither,  is 
least  worked,  and  therefore  presents  most  promising  territory 
for  conquest.  Such  is  the  history  of  the  comparatively  new 
sciences  of  physical  chemistry,  physiological  chemistry  and 
biometrics. 

Nor  does  the  field  belong  exclusively  to  either  the  devotee 
of  pure  science,  so-called,  or  of  applied  science.  Th^  study 
of  problems  seemingly  most  remote  from  any  practical  ends 
has  often  proved  fundamental  in  the  upbuilding  of  vast  indus- 
trial growth.  Bacterioi(^7  was  bom  of  crystallography. 
The  father  of  galvanic  electricity  was  derided  as  the  frog's 
dancing  master.  Nor  does  the  avowed  object  in  view  give  a 
sure  key  to  the  ultimate  outcome.  Alchemy,  though  never 
attaining  the  end  sought,  hastened  immeasurably  the  era  of 
industrial  chemistry.  Nor  may  it  be  said  that  applied  science 
is  inferior,  for  without  the  application  the  fundamental  prin- 
ciples are  of  no  avail  in  the  promotion  of  the  welfare  of  man.  - 

Intensive  laboratory  study  with  no  object  other  than  the 
increase  of  knowledge  of  molecular  construction  has  led  to 
the  commercial  production  of  many  important  compounds. 
The  present  oat  smut  treatment  by  formalin  owes  its  prac- 
ticability equally  to  pure  science  in  the  chemical  study  that 
rendered  the  production  of  formalin  practicable  at  moderate 
cost,  and  to  pure  science  of  the  botanist  who  from  mere 
interest  in  fungous  growth  discovered  the  nature  of  para- 
sitism, and  to  the  practical  scientist  who  applied  the  know- 
ledge of  the  chemist  and  the  botanist  to  the  solution  of  a 
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definite  agricultural  problem.  The  dislidction  between  pure 
science  and  applied  science  is  inndious.  It  is  not  a  differ- 
ence based  upon  the  nature  of  the  knowledge;  rather  upon 
the  motive  of  the  worker.  All  true  science  is  practical, 
either  remotely  or  directly,  and  the  man  of  applied  science  is 
but  completing  the  work  of  the  pure  scientist.  Especially 
does  the  future  of  plant  pathology  test  with  both. 
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A  MEMOIR  ON  THE  TWENTY-SEVEN  LINES  UPON 
A  CUBIC  SURFACE. 
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BISTOKICAI.  SUMHAKT. 

Although  it  is  probably  tme  that  the  classification  of  cubic 
surfaces  is  practically  complete,  the  number  of  articles  yearly 
appearing-  upon  these  surfaces  furnish  abundant  proof  of  the 
fact  that  they  possess  much  the  same  fascination  as  they  did 
in  the  days  of  the  discovery  of  the  twenty-seven  lines  upon 
the  general  cubic  surface.  The  literature  of  the  subject  is 
very  extensive  and  in  a  bibliography*  on  curves  and  surfaces, 
compiled  by  J.  E.  Hill,  of  Columbia  University,  the  section 
on  cubic  surfaces  contained  205  articles. 

The  first  paper  that  deals  specifically  with  the  cubic  surface 
is  one  by  L.  Mossbrugger,t  "Untersuchungen  iit>er  die  geo- 
metrische  Bedcutung  der  constanten  Coefficienten  in  den  all- 
gemeinen  Gleichungen  der  Flachen  des  zweiten  und  dritten 
Grades,"  which  appeared  in  the  first  volume  of  the  Archiv  der 
Malhematik  und  Physik,  1841. 

The  theory  of  straight  lines  upon  a  cubic  surface  was  first 
studied  in  a  correspondence  by  the  English  mathematicians 
Salmon  and  Cayley  and  the  results  were  published.  Comb,  and 
Dublin  Math.  Journal,  Vol.  IV.  (1849),  pp.  118-132  (Cayley), 
pp.  252-260  (Salmon).  The  observation  that  a  definite  num- 
ber of  straight  lines  must  He  on  the  surface  is  initially  due  to 
Cayley,  whereas  the  determination  of  that  number  was  first 
made  by  Salmon.  J 

•Bnll.  Am.  Hath.  Soo.  Vol.  m.  (1897)  pp.  UHI-148. 
iJ.  B.  Hill.  1.  o. 

tSolmon,  0«cHii.  of  Three  DimeuioDi,  4th  edition,  4<(M,  note.  Of.  also 
OkjXbi,  OoU.  Hfttb.  Papen,  Vol.  I.,  note  p.  S8B. 
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The  basis  f<«-  a  purely  geometric  theory  of  cubic  surfaces 
was  laid  by  Steiner*  in  a  short  but  eztremel;  fruitful  memoir, 
contaiaiag  many  theorems,  given  either  wholly  without  proof 
or  with  but  the  barest  indication  of  the  method  of  derivation — 
a  habit  of  "ce  celebre  sphinx,''^  as  he  has  been  styled  b; 
Cremona. 

On  account  of  the  "complicated  and  many-sided  symmetry" 
among  the  relations  between  the  twenty-seven  lines  upon  the 
cnbic  snrface,  great  difficulty  was  at  first  experienced  in 
obtaining  any  adequate  conception  of  the  complete  configura- 
tion. The  notation  first  given  by  Cayley  was  obtained  by 
starting  from  some  arrangement  that  was  not  nnique,  but  one 
of  a  system  of  several  like  arrangements,  yet  it  was  so  com- 
plicated as  scarcely  to  be  considered  as  at  all  putting  in  evi- 
dence the  relations  of  the  lines  and  triple  tangent  planes. 
Hart  gave  a  very  elegant  and  symmetrical  notation  for  the 
lines  and  frfanes,  an  account  of  which  is  to  be  found  in  the 
original  paper  of  Salmon,^  who  also  gave  a  notation  of 
limited  usefulness.  Schlaflir  it  was  who  invented  the  nota- 
tion that  might  be  called  epoch-making — that  of  the  donble- 
siz,||  which  has  remained  unimproved  upon  up  to  the  present 
time.  This  notation  is  one  out  of  a  possible  thirty-six  of  like 
character  among  the  twenty-seven  lines.  Taylorf  has  recently 
given  a  notation  for  the  lines  independent  of  any  particular, 
initial  choice  but  this  cannot  be  regarded  as  an  improvement 
ttpoo  the  Scblilfli  notation. 

The  foundations  for  subsequent  analytic  investigations  con- 
cerning the  twenty-seven  lines  were  laid,  as  has  been  seen, 
by  Cayley  and  Salmon,  and  in  fact  Sylvester§  once  said  in 

•"Ueber  die  FUchea  dritteo  GradM,"  read  to  the  Berlin  ktstOxaoj,  Slrt 
Jmiiuut,  ISH;  OieUe,  Bd.  LIU. 

rOnarterlr  Joonul,  Vol.  S  (1868),  pp.  6tt-«5, 110-190. 

nFor  tiw  hMoT7  ol  the  doable-dx  theorem  mo  tnfta,  44. 

fPhiloe.  TnuiB.  Boral  aoc.  VoL  OLXXXV.  (18M),  port  I.  (A),  p^  87-49, 

f  Proa.  London  HaUt.  Soo.  ToL  %  ^  U6. 
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bis  habitually  florid  style,  "Surely  witb  as  good  reason  as 
had  Archimedes  to  have  the  cylinder,  cone  and  sphere 
engraved  on  his  tombstone  might  our  distinguished  country- 
men leave  testamentary  directions  for  the  cubic  eikosihepta- 
gram  to  be  engraved  on  theirs." 

The  first  significant  papers  on  cubic  surfaces  from  the  syn- 
thetic standpoint,  after  Steiner's  memoir  above  mentioned, 
were  by  Cremona  and  Rudolf  Sturm.  These  were  two  of  the 
four  papers  submitted  in  competition  for  the  prize  offered  by 
Steiner  through  the  Royal  Academy  of  Sciences  of  Berlin  in 
1864,  which  was  divided  between  Cremona  and  Sturm  on 
Leibniz  Day,  1866.  The  beauty  and  simplicity  of  many  of 
the  methods  employed  in  these  papers  eminently  justified 
Steiner's  original  remark,  "Ss  Ist  daraus  zu  sehen,  dass  diese 
Flachen  fortan  fast  eben  so  leicht  und  einlasslJch  zu 
behandeln  sind,  als  bisher  die  Fiache  zweiten  Grades." 
Cremona's  "Memoire  de  geometrie  pure  sur  les  surfaces  du 
troisieme  ordre"  is  found  in  Crelle'a  Journal,*  whereas  Sturm's 
paper  was  subsequently  expanded  into  a  treatise.f 

Schlafii  (/.  c.)  first  considered  a  division  of  the  general 
surface  of  the  third  order  into  species,  in  regard  to  the  reality 
of  the  twenty-seven  lines,  but  he  then  contented  himself  with 
a  mere  survey  of  the  problem.  This  was  in  1858.  But  in 
1862,  F.  Augustt  gave  a  rather  extended  investigation  of  the 
subject.  In  1863  appeared  a  valuable  memoir  by  Schlafli,§ 
treating  the  subject  in  great  detail.  He  also,  as  the  title 
indicates,  makes  there  a  division  of  the  surface  into  types, 
depending  upon  the  nature  of  the  singularities, — a  classifica- 

•Tol.  IiZnn.  (1868),  pp.  1-188. 

f'SynthetiiheU'iitemuiliaogenuberFUoliendriner  Ordnimg."  B.  O. 
Tanbiw,  UipOg,  1887. 

t"DiaqnisitloiiMdeBDperfiolebiifltertiiordlnii,'*Dimrt.  inavg.  BaroUni, 
1B6S. 

4"Od  the  DlBtrlbatioii  of  Bxataow  of  the  Third  Order  into  SpeoiM,  In 
r«ferenoe  to  the  preaence  or  ftbsecoe  of  Bhtgnlar  Points  and  the  reaUtf  of 
theirUneB,"  FhiloB.  Trans.  Vol.  OLUI.  (1888),  pp.  108-Ul. 
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tion  used  by  Cayley*  in  his  "Memoir  on  Cubic  Surfaces." 

If  Cayley  and  Salmon  bad  wished  to  follov  Sylvester's 
advice  and  to  insert  a  clause  in  their  wills,  directing  that  a 
fi^re  of  the  cubic  eikosiheptagram  be  engraved  upon  their 
monuments,  they  would  have  had  no  certainty  of  the  correct 
fulfilment  of  their  directions  until  the  year  1869  when  Dr. 
Christian  Wiener^  made  a  model  of  a  cubic  surface,  showing 
twenty-seven  real  lines  lying  upon  it.  This  achievement  of 
Dr.  Wiener,  Sylvesterr  once  remarked,  is  one  of  the  discov- 
eries "which  must  forever  make  1869  stand  out  in  the  Fasti 
of  Science."  Since  that  time,  there  have  been  constructed 
models  of  all  the  various  types  of  the  cubic  surface,  showing 
the  lines  lying  entirely  upon  them.  The  list  of  those  who 
have  written  on  the  mechanical  construction  of  the  configu- 
rations of  the  lines  upon  a  cubic  surface  and  the  general  sub- 
ject of  the  collocation  of  the  lines  upon  the  surface  includes 
the  names  of  Salmon,  Sylvester,  Cayley,  P.  Frost,  Zeuthen 
andBlytbe.|| 

The  configuration  of  the  twenty-seven  lines  is  not  only  of 
the  highest  interest  fier  se,  but  also  on  account  of  its  close 
association  and  relation  to  other  remarkable  configurations. 
It  was  also  in  the  year  1869  that  Geiser§  showed  the  mutual 
interdependence  of  the  configurations  of  the  twenty-eight 
bitangents  to  a  plane  quartic  curve  and  the  twenty-seven 
lines  upon  a  cubic  surface,  and  the  method  of  derivation  of 
each  from  the  other.  By  making  use  of  Gretser's  results, 
Zeuthenf  obtained  a  new  demonstration  of  the  theorems  of 
Schltflitt  upon  the  reality  of  the  lines  and  tripletangent  planes 

•Philoi.  Tniu.  Soral  Soo.  London,  Vol.  OMX,  (1869).  pp.  SSl-Sas. 
tot.  Oarlar,  Traiu.  Ctomb.  PbUoa.  Soo.  VoL  Zn.    Part  I  (1878),  pp. 
SSft-S8t,  whve  a  deaoription  of  the  model  la  given. 
rProo.  Lcmdon  Hath.  800.  Vol.  9,  p.  166. 
mot.  Infm,  4tlB.91. 

fHath.  Ann.  Bd.  I.  (ISSO),  pp.  lSft-188. 
tHath.  Ann.  Bd.  7  (1874),  pp.  4UMS3. 
ttQoartvlj  Jonmal.  Vol. »,  (1808);  Fhflca.  Tntni.  VoL  158  (188S), 
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of  a  cubic  surface.  Indeed,  it  is  feasible  to  derive  the  proper- 
ties of  one  configuratioD  from  the  known  properties  of  the 
other.* 

In  1877  Cremonat  first  showed  that  the  Pascalian  configu- 
ration might  be  derived  from  the  configuration  of  the  twenty- 
one  lines  upon  the  surface  of  the  third  degree  with  one  coni- 
cal point  (Species  II.,  Cayley's  enumeration)  by  projection 
from  the  conical  point. 

The  theory  of  varieties  of  the  third  order,  that  is  to  say, 
curved  geometric  forms  of  three  dimensions  contained  in  a 
space  of  four  dimensions,  has  been  the  subject  of  a  profound 
memoir  by  Corrado  Segre.r  The  depth  of  this  paper  is 
evinced  by  the  fact  that  a  large  proportion  of  the  propositions 
upon  the  plane  quartic  and  its  bitangents,  Pascal's  theorem, 
the  cubic  surface  and  its  twenty-seven  straight  lines,  Kum- 
mer's  surface  and  its  configuration  of  sixteen  singular  points 
and  planes,  and  on  the  connection  between  these  figures  are 
derivable  from  propositions  relating  to  Scgre's  cubic  variety, 
and  the  figure  of  six  points  or  spaces  from  which  it  springs-t 
Other  investigators  on  this  beautiful  and  important  locus  in, 
space  of  four  dtmenstons  and  some  of  its  consequences  are 
Castelnuovo  and  Richmond.  § 

The  problem  of  the  twenty-seven  lines  is  full  of  interest 
from  the  group  theoretic  standpoint.  In  1869  Camille  Jordan|| 
first  proved  that  the  group  of  the  problem  of  the  trisection  of 
hyperelliptic  functions  of  the  first  order  is  isomorphic  with 

•Orslle's  Jonnua,  Vol.  ItS  <l»0O),  pp.  a(W-3S«. 

tBeale  AooademiftdeiXo&cei.AnnoOOIiOJT.  (I8Tfl-T7).  Bona.  Also 
of.  infra,  4447,  48. 

rAttd  d.  R.  Aooad.  di  Soiense  di  Torino,  Vol.  XXJI.  (1B8T),  pp.  547-067. 
Uemorie  d.  S.  Aooad.  di  Sdenze  di  Torino,  SertM  3,  Vol.  XXTiy. 
(1888),  pp.  8-48. 

tBiohmond,  Quarterly  Journal,  Vol.  XXXTV.  No.  a  (1901),  pp.  117-1S4. 

fOf.  Biohmond  1.  o.  for  referenoea. 

llOomptoB  Bendw,  1869.  Of.  alao  Tmite  d«a  Babstitati<KU,  p.  316  st  aeq., 
p.866etwq. 
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the  group  of  the  equation  of  the  twentj-seventh  degree,  on 
which  the  twenty-seven  lines  of  the  general  surface  of  the 
third  degree  depend.  Felix  Kleinf  in  1887  sketched  the 
effective  reduction  of  the  one  problem  to  the  other.  In 
1887-9  Maschkel  in  a  series  of  papers  set  up  the  complete 
form-system  of  a  quaternary  group  of  51840  substitutions, 
and  in  1893  Burkhardt,||  on  the  basis  of  Klein's  paper  above 
mentioned,  these  papers  of  Maschke  and  one  by  Witting,§ 
carried  out  the  work  sketched  by  Klein — the  reduction  of  one 
problem  to  the  other. 

Since  Jordan's  first  paper  appeared  in  1869,  a  number  of 
writers  have  studied  the  Galois  group  of  the  equation  of  the 
twenty-seven  lines.  Dickson**  has  led  in  this  investigation, 
publishing  a  number  of  papers  on  the  subject.  Other  writers 
on  the  same  subject  are  Kuhnen,tt  Weber,^  Cartan  and,  more 
recently,  Kasner.  This  last  paper  is  in  close  contact  with 
the  investigations  of  Moore  and  Slaugbt  on  the  cross-ratio 
group  of  Cremona  transformations. 

INTRODUCnOM. 

The  problem  of  the  twenty-seven  lines  upon  a  cubic  surface 
is  of  such  scope  and  extent  and  is  allied  to  so  many  other 
problems  of  importance  that  to  give  a  resume  of  all  that  has 

fBztrait  d'iui»  lettre  addrenee  a  H.  0.  Jordan,  Jonnutl  de  UonviUe, 
MiiM  4,  faHue  ly.  (1S86),  p.  lee  et  aeq. 

tlhth.  Ann. Bd.  XXX.  (1887),  pp.  496-616;  Gdtt.  Naob.  (1888),pp.  76^; 
Math.  Ann.  Bd.  8S,  (1880),  pp.  S17-S44. 

flHoth.  Ann.  Bd.  41  (18S8),  pp.  S0S-S4S. 

«Hath.  Ann.  Bd.  39  (1887). 

••Trans.  Am.  Math.  8oo.  Vol.  3  (1901),  pp.  187-188;  Qnarterlr  Jonmal 
Vol.  83  (1901),  pp.  14S-178;  BoUetin  Am.  Uath.  Soo.  Vol.  8  (1901),  p.  OS  et 
■eq.;  Linear  OronpB  Oh.  XIV.  pp.  80S-B0T. 

'H'"UI)erdieG«]ou'cheGnippeder01eiohnng97  (Sradea,  von  welcherdie 
Gwnden  and  der  allgemeinen  FlUihe  dritter  Ordnong  abhangen,"  Din. 
Matborg,  1888. 

ttHath.  Ann.  Bd.  XXIU.,  pp.  48M08. 
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been  dooe  npoa  the  subject  would  enlarg'e  the  present  paper 
into  a  t>ook.  It  was  found  impossible  to  cover  even  the 
geometrical  phases  of  the  problem,  in  their  extension  in  par- 
ticular to  the  cognate  problem  of  the  forty-five  triple  tangent 
planes,  although  the  two  subjects  go  hand  in  band.  In  this 
memoir,  however,  is  given  a  general  survey  of  the  problem  of 
the  twenty-seven  lines,  from  the  geometric,  standpoint,  with 
special  attention  to  salient  features,  i.  e.,  the  concept  of 
trihedral  pairs,  the  configuration  of  the  double-six,  the  solu- 
tion of  the  problem  of  constructing  models  of  a  donble-six 
and  of  the  configurations  of  the  lines  upon  the  twenty-one 
types  of  the  cubic  surface,  the  derivation  of  the  Pascalian 
configuration  from  that  of  the  lines  upon  the  cubic  surface 
with  one  conical  point,  and  certain  allied  problems. 

In  §§  1-4  are  given  certain  preliminary  theorems  concerning 
the  existence  and  number  of  the  twenty-seven  lines  and  forty- 
five  planes  for  the  general  cubic  surface,  and  dpon  the  first 
notation  employed.  In  §§  5,  6  and  7  are  given  an  account  of 
SchlSfli's  notation,  a  history  of  the  double-six  theorem  and  an 
analytic  proof  of  it,  independent  of  cubic  surfaces;  in  §8  follow 
certain  interesting  results  on  the  anharmonic  ratios  of  the  con- 
figurations. In  §9  appear  two  conditions  that  five  lines  lie  upon 
a  cubic  surface  and  in  §10  is  the  description  of  the  formation, 
and  the  tabulation  of  the  thirty-six  double-sixes.  In  §11 
occur  certain  auxiliary  theorems  for  special  features  of  the 
general  configuration  of  the  twenty-seven  lines. 

In  §12  are  given  the  definition  and  number  of  trihedral 
pairs,  and  in  §13  the  actual  formation  of  the  tables  of  the  120 
forms.  In  §14  these  are  grouped  tt^ether  in  such  a  way  (sets 
of  three)  as  to  determine  in  forty  ways  all  the  twenty-seven 
lines. 

In  §16  is  given  a  discussion  of  a  special  form  of  the  general 
equation  of  the  cubic  surface  and  the  determination  of  the 
equations  of  the  forty-five  triple  tangent  planes. 

In  §§18  and  19  the  methods  for  the  construction  of  a  model 
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of  a  double-six  are  discussed  and  a  practical  method  is  there 
given  in  detail. 

In  §§20  to  45  the  general  problem  of  constructing  thread  or 
wire  models  of  the  configurations  of  the  lines  upon  all  twenty- 
one  types  of  the  cubic  surface  is  fully  considered,  and  a  com- 
plete solution  of  the  problem  given. 

In  §46  is  given  a  discussion  of  the  derivation  of  the 
Brianchon  configuration  from  two  spatial  point  triads,  and 
in  §§47-8  the  discussion  of  the  derivation  of  the  Pascalian 
configiiratioo  from  that  of  the  straight  lines  upon  the  second 
species  of  the  cubic  surface  (Cayley's  enumeration)  and  a 
graphic  representation  of  the  same. 

Finally,  in  §49  appears  a  theorem  on  the  number  of  cubic 
surfaces  with  one  conical  point  passing  through  the  lines  of 
mutual  intersection  of  two  triheders. 


CHAPTER  I. 


PKXLIinNAKT  THBOKBHS. 


Si  Existence  of  Straight  Lines  upon  a  Cubic  Surface. 

In  order  to  find  the  conditions  that  any  straight  line,  whose 


lie  entirely  upon  a  surface,  we  substitute  x  =  x^-\-  \r, 
y  =y„  +  I"",  -?  =  ^o  +  *  in  the  equation  of  the  surface, 
arrange  the  terms  of  the  resulting  equation  according  to 
powers  of  r  and  then  set  all  the  coefficients  of  r  equal  to  zero, 
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since  the  equation  in  r  must  be  identically  satisfied,  i.  e.,  for 
all  values  of  r.  Since  in  this  case  the  equation  of  the  surface 
is  of  the  third  degree,  there  result  four  conditions.  But  the 
equations  of  a  straight  line  involve  four  disposable  constants, 
and,  as  the  number  of  conditions  to  be  fulfilled  is  exactly 
equal  to  the  number  of  disposable  constants  in  the  njuations 
of  the  straight  line,  it  follows  that  every  surface  of  the  third 
order  must  contain  a  finite  number  of  straight  lines,  real  or 
imaginary,  lying  entirely  upon  it. 

§2.  Number  of  Straight  Lines  upon  a  Cubic  Surface. 

Suppose  we  pass  a  plane  r  through  a  point  P  outside  the 
surface  and  through  a  straight  line  I  lying  upon  the  surface. 
Then  -w  meets  the  surface  in  the  line  I,  and  a  conic  C  besides 
(since  the  curve  of  intersection  is  a  degenerate  cubic),  i.  e. 
meets  the  surface  in  a  section  having  two  double-points  and 
therefore  by  definition  is  a  double-tangent  plane.  These 
double-tangent  planes  »  to  the  cubic  surface  are  also  double- 
tangent  planes  to  the  tangent  cone,  vertex  P.  Now  since  to 
every  plane  •-  corresponds  one  straight  line  /  lying  entirely 
on  the  surface,  and  as  there  are  twenty-seven*  (n  =  3)  double- 
tangent  planes  to  the  tangent  cone,  vertex  P,  therefore  there 
are  twenty-seven  straight  lines  /  on  the  cubic  surfaced 

§3.   Triple  Tangent  Planes. 

By  properly  determining  the  plane  passed  through  any 
straight  line  ^upon  the  cubic  surface,  the  conic  C  (g2)  will 

•Salnum,  Gmm.  of  Three  Dfanensiaiia,  4Ui  edition,  4386  givea 
|-(«  _!)(„_  8)(n«  -  n*  +  n  -  18) 
aa  the  mnnber  of  donUe-tangent  pknea,  drawn  throueb  a  print  P  to  a 
Rufaoe  of  the  nth  degree. 

tFor  other  proof!  oompare  R.  Storm,  FUoben  dTitt«r  Ordnung,  Enp.  3, 
430,  and  0^1«7,  OoU.  Hath.  Papen,  "VfA.  !■.  Ko.  78  (44S-4C6). 
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degenerate  into  a  pair  of  straight  lines.  Here  the  plane 
intersects  the  surface  in  three  intersecting  straight  lines  (a 
degenerate  cnrve  of  the  third  order  having  three  double 
points)  and  the  points  of  intersection  of  the  lines  taken  in 
.pairs  are  the  points  of  contact  of  the  plane  with  the  surface. 
Now  through  each  of^he  three  lines  in  the  plane  there  may 
be  drawn,  besides  the  given  plane,  four  triple  tangent  planes. 
For  these  twelve  new  planes  give  rise  to  twenty-four  new 
luKs  upon  the  surface,  making  up  with  the  former  three  lines, 
twenty-seven  lines  upon  the  surface.  It  follows  that  every 
straight  line  on  the  surface  is  met  by  ten  others. 

If  ail  Uie  twenty-seven  lines  intersect  in  pairs,  there  would 
be  351  points  of  intersection.  But  since  each  line  is  met  by 
ten  other  lines,  there  remain  16  lines  by  which  it  is  not  met 

and  therefore  there  are = —  =  216  pairs  of  lines  that  do 

not  intersect.  Consequently  there  are  135  points  of  inter- 
section. 

Since  these  135  points,  by  threes,  determined  the  triple  tan- 
gent planes,  there  are  45  triple  tangent  planes. 

Consider  the  three  tines  a,  b,  and  c  say,  the  complete  inter- 
section of  the  triple  tangent  plane  «■  with  the  surface.  Then 
every  other  line  /  upon  the  surface  must  meet  the  triple  tan- 
gent plane  in  a  point  upon  one  (a  say)  of  the  three  lines  a,  b, 
and  c,  and  accordingly  must  lie  in  a  plane  » i ,  passing  through 
a.  Since  the  intersection  of  the  surface  by  the  plane  *i  must 
be  a  cubic  curve,  which  is  already  composed  of  two  straight 
lines,  the  plane  *-(  meets  the  surface  in  a  third  straight  line 
/,  and  therefore  must  be  a  triple  tangent  plane.  Hence  P 
must  be  one  of  the  given  27  lines  and  it  appears  that  there 
can  be  but  27  tines  upon'a  cubic  surface. 

§4.     Salmon's  Notation/or  the  Twenty-Seven  Lines.* 

Lemma.     7^  general  equation  of  the  cubic  surface  may  be 

•ONub.  and  Doblia  Hath.  JonnuJ  (1840),  Vol.  IV.,  iqi.  SDS-SaO. 
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reduced  to  the  canonical  form  uvw  —  iirf  =  0,  where  u, 
V,  TV,  (,  ij,  C  are  linear polynomes. 
The  number  of  independent  constants  in  the  general  equa- 
tion of  the  third  degree  is  igj"  t"*  +  6»+ll)^  f or  «  =  sj. 

Since  the  linear  polynomes  u,  v,  w,  i,  i},  £  contain  18  ratios  of 
coefficients  and  there  is  one  other  constant  factor  implicitly 
contained  in  one  of  the  products  uvw,  HC,  therefore  the  forms 
uvw  —  ^  =  0  contains  19  constants  and  is  one  into  which 
the  general  equation  of  a  cubic  surface  may  be  thrown. 

It  will  appear  later  (§15)  from  geometrical  considerations 
that  the  problem  to  reduce  the  base  cubic  to  the  form 
Hvw  —  tiA  =  0  is  soluble  in  120  different  ways. 

Notation.  Consider  the  canonical  form  of  the  surface  of 
the  third  degree  ace  —  bdf=  0,  where  a,  b,  c,  d,  e,  f  are 
linear  polynomes.  By  inspection  it  is  patent  that  this  surface 
contains  the  nine  lines  ab,  ad,  of,  eh,  cd,  c/,  eb,  ed,  ef  where 
ah,  for  example,  represents  the  line  of  intersection  of  the 
planes  a  ^  0,  £  =  0.  If  we  suppose  a  =  fi^  to  be  the  equa- 
tion of  one  of  the  triple  tangent  planes  through  the  intersec- 
tion of  the  planes  a  and  b,  the  plane  a^=  ^  meets  the  surface 
in  the  same  lines  in  which  it  meets  the  hyperbolotd 
/(£«  —  1^=  0,  that  is,  the  two  lines  in  the  plane  are  gener- 
ating lines  of  different  species,  and  consequently  one  of  them 
meets  the  pair  of  lines  cd  and  ef,  and  the  other  of  them  meets 
the  pair  of  lines^and  ed.  Let  us  now  denote  each  of  the  remain- 
ing eighteen  lines  by  the  three  lines  which  it  meets,  the  line 
meeting  ab,  cd  and  e/'being  denoted  by  the  symbol  ah-cd'ef. 
Since  ^  has  three  values,  there  are  three  tines  that  meet  ah, 
cd,  ef.  Applying  the  same  reasoning  to  the  planes  through 
be  and  ca,  we  employ  the  following  symbolism  for  the  twenty- 
seven  lines  ab,  ad,  •  •••  -ef\  {ab ■  cd ■  ef) i ,  (ad ■  cf-  eh) t , 
(af-eb-ed)t,  iab.cf-ed)t,  iad-cb-ef)t,  (af-  cd-eb)t, 
where  <=  i,  2,  3. 
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Uoforttuiatel;  our  informatioa  as  to  bov  these  suffixes  are 
to  be  applied  is  inadequate  and  certain  postulates  bare  to  be 
made  as  to  bow  tbe  intersections  occur.*  Tbis  notation  of 
Salmon  was  tbe  first  one  tbat  was  given  for  tbe  twenty-seven 
lines,  and  was  superseded  by  a  very  saperior  one  to  be 
explained  in  tbe  next  article. 

•Of.  tUlmnii^  1,  g. 
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MOLECULAR  ATTRACTION,  IV.,  ON  BIOT'S  FORM- 
ULA FOR  VAPOR  PRESSURE  AND  SOME 
RELATIONS  AT  THE  CRITICAL 
TEMPERATURE.' 


In  a  preceding  paper*  we  examined  the  following-  equation, 
which  had  tieen  proposed  on  theoretical  grounds  by  Mr.  H. 
CrotnptoQ, 

[1]        L  =  2|'/8x'  =  2RTloff,  ^= - 

(L  is  heat  of  vaporization,  v  and  V  denote  volume  of  liquid 
and  vapor,  d  and  D  the  density  of  liquid  and  vapor,  p  is  pres- 
sure, T  is  temperature,  m  is  molecular  weight,  R  is  the  con- 
stant of  the  gas  equation,  PV  =  RT.) 

It  was  there  shown  that  this  equation  gives  at  low  temper- 
atures where  the  pressure  is  small,  results  for  the  heat  of 
vaporization  that  are  invariably  and  usually  very  considerably 
too  large.  But  at  the  higher  temperatures  examined,  that  is 
as  the  critical  temperature  is  approached,  the  results  given 
by  the  equation  appeared  to  be  correct.  The  evidence  there 
given  as  to  the  correctness  of  this  equation  at  high  tempera- 
tures was  very  considerable  and  justified  further  use  of  the 
equation.  Therefore  in  this  paper  we  combined  the  usual 
thermodynamical  equation  for  calculation  of  the  heat  of 
vaporization, 


■JonT.  Phya.  Uhem.  8,  MS  (19(M). 
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m  ap  S  p 

p]         L  =  -j-  (V-  p)|^  =  .0,31833T(V-z.>|^cals. 

with  the  equation  of  Crompton  given  above,  and  obtained 
equation  IS  of  that  paper,  viz.: 

,      V 
Ml  ^P      287500  '°g  V 

We  there  showed  that  the  limit  approached  b;  this  equation 
as  the  critical  temperature  was  approaciied  and  V  approached 
V  in  valtte,  was, 
Ml  »P  _  124860 

We  at  that  time  overlooked  the  fact  that  this  equation  4 
could  be  expressed  in  the  very  simple  form, 

Here  V  is  the  critical  volume  and  R  is  the  usual  gas  constant, 
and  we  have  the  stoking  conclusion  that  at  the  critical  tem- 
perature the  -^=  of  the  liquid  {vapor)  is  exactly  twice  what  it 

would  he  for  that  suistance  as  a  perfect  gas  occupying  the  same 
volume.  Expressed  in  this  form  the  bearing  of  equation  3,  or 
its  limiting  forms,  on  the  Idnetic  relations  of  a  liquid  and  its 
vapor,  assumes  more  importance  and  justifies  a  closer  study. 
Accordingly  by  means  of  equation  4,  we  calculated,  and 

give  in  Table  1,  the  values  of  the  -^  at  the  critical  temper- 
ature isft  twenty  substances.  The  critical  data  used  is  that 
given  by  Dr.  Young*.  This  data  is  more  correct  than  that 
given  in  earlier  papers.  (We  would  here  note  that  in  the  third 
paper  on  Molecular  Attraction*  we  overlooked  this  corrected 
data,  but  have  since  repeated  the  calculations  there  given 

IPUL  Hi«.,  [S],  60,  Ml  (ISOO). 
•Jonr.  Pbri.  Ohon.,  8,  598,  (1004). 
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using  the  corrected  data  and  find  no  material  change  in  the 
results  or  conclusions  there  expressed.) 
For  comparison  with  these  values  the  -px  canbecalculafed 

from  any  equation  connecting  vapor  pressure  and  tempera- 
ture.   Of  the  numerous  equations  that  have  been  proposed 
the  one  usually  known  as  Blot's  has  proved  by  far  the  most 
serviceable.     It  takes  the  form, 
[6]  LogP  =  o+ J.a'  +  c./S". 

By  differentiating  and  changing  to  Naperian  logarithms  we 
get, 
m  |^  =  5.3019P(4. log.. .■+ clog*. iS"). 

Since  we  had  previously  used  Biot's  formula  for  calculating 
heats  of  vaporization  more  directly,  we  found  it  easier  to 
throw  equation  7  into  the  form, 

[8]  U  =  . 031414  PA, 

wher«,  A  =  168.775(*.Iog«.a*-(-clog/J.i8').  Theconstants 
for  this  equation  have  already  t>een  given'  for  all  of  the  sub- 
stances examined  except  those  noted  below. 

Ethyl  oxide.         A  ==  antilog  (T.98S2227  —  .00172541 0 

-H  antilog  (1^7399799  -  .00869664  ), 

i  =  rc. 

Bensene.  A  =  antilog  (1.4256719  -|-  .0001302029/) 

+  antilog  (0.1799122  —  .00410411 1), 
<  =  /"  C. 

Methyl  alcohol.    A  =  antilog  (1.5561254  -  .00011SS40 

+  antUog  (.2.51667  —  .00400204  0, 
/=(°C. 

Ethyl  alcohol.      A  =  antUog  (2.3%5216  +  .003377538/) 

-I-  antilog  (0.3342413  -  .00317576/), 
/  =  /°C. 

^oor.  FhTS.  Ohem.,  6, 888  (tSOi). 
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Propyl  alcohol.     A  =  antilog  (2.8340346  +  .001641423  f) 

+  antUog  (.03135244  -  .003429?5«, 
t  =  fC  —  lfi. 

The  constants  for  ethyl  formate  and  methyl  acetate  were 
Idndly  sent  me  by  Dr.  Young  (work  yet  unpublished)  and  the 
constants  for  methyl  formate  I  have  calculated  and  will  pub- 
lish later. 

The  values  of  the  ^^atthecritical temperature asobtained 

from  these  Biot  equations  are  shown  in  Table  1. 
Of  the  twenty  substances  compared  in  Table  1  it  will  be 

seen  that  the  -7=- from  equation  4  has  a  higher  value  than  the 

VTA  calculated  from  Biot's  formula  in  all  cases  except  di-iso- 

bntyl,  normal  octane,  and  ethyl  alcohol.  The  difference  is 
nsnally  very  marked. 
In  work  done  upon  an  equation  of  the  form,  P  =  iT  —  a, 
8P 
Ramsay  and  Young*  made  a  study  of  the  -Tn?  of  ether  at  con- 
stant volume.  Young*,  later,  a  similar  study  for  isopentane, 
and  Rose-Innes  and  Young*  corresondingly  for  normal  pen- 
obtained 

at  constant  volume  becomes  identical  with  the  value  of  the 
p=  denoting  the  increase  in  vapor  pressure  of  the  liquid. 
Therefore  it  is  possible  in  these  three  cases  by  comparison 
with  the  values  of  the -ps- obtained  in  the  above  papers  to 


•PhiL  Hag.  [5],  S8,  4S6,  <188T). 
•Ibid,  (H  SB,  669,  (IBM). 
•Ibid.  (S],47,SU<18W). 
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fonnula  or  those  obtained  from  equation  4  are  correct.  The 
result  is  shown  below,  the  value  of  the  -p=-  at  the  exact  crit- 
ical volume  having  been  obtained  from  the  above  mentioned 
papers  by,  interpolation  and  entered  in  the  column  marked 
"Observed". 


Ether 
Isopentane 
Normal  pentane 


Volume    EVom  Biot  Equ'tton  4 


3.81S 
4.268 
3.305 


391.6 
367.8 
364.8 


441.9 
405.7 
402.3 


436 
401  to  411 
406.7 


In  every  case  the  values  accord  to  within  the  limit  of 
experimental  error  with  the  values  derived  from  Biot's  equa- 
tion. (It  is  not  possible  to  extend  the  comparison  to  the  alco- 
hols and  acetic  acid  studied  by  the  observers  above  mentioned, 
for  these  liquids  are  associated  and  equation  4  depending  oo 
the  molecular  weight,  could  not  give  correct  results. 

ON  biot's  VOSHITLA  POS  VAFOK  PKBSSHKB. 

It  seemed  to  us  reasonable  to  coodude  from  the  above  com- 
8P 
parison  that  the  ratios  of  the  -ps-  calculated  from  equation 

4  at  the  critical  temperature  and  shown  in  Table  1  were  the 
correct  values  and  that  the  values  obtained  from  Biot's 
formula  were  in  error.  Fortunately  we  had  a  means  of  veri- 
fying this  conclusion  directly. 

If  the  vapor  pressure  curve  be  plotted,  the  -r=  is  the  tan- 
gent to  the  curve.  Assuming  that  Biot's  formula  does  cor- 
rectly represent  the  vapor  pressures  until  the  critical  temper- 
ature is  approached  (an  assumption  justified  by  a  very  careful 
examination  of  the  curves  over  the  entire  range  of  tempera- 

8P 
ture)  it  is  evident  that  if  the  -p=-  calculated  from  Biot's  form^ 
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ula  then  becomes  too  low  it  must  be  because  the  vapor  pres- 
sure curve  as  calculated  from  Biot's  formula  is  t>elow  the  true 
vapor  pressure  curve.  We  accordingly  subtracted  the  observed 
vapor  pressures  from  the  calculated  in  the  immediate  neigh- 
borhood of  the  critical  temperature.  (These  results  are 
shown  in  detail  in  Table  2,  Jour.  Phys.  Chem.  9,  p.  402  [1905]  }. 
In  every  case  except  normal  octane,  stannic  chloride,  and  the 
associated  substances  (methjl  alcohol,  ethyl  alcohol,  and 
acetic  acid),  the  calculated  minus  the  observed  vapor  pres- 
sures does  give  negative  differences  at  the  highest  tempera- 
ture compared  (usually  the  critical  temperature  itself).  With 
regard  to  these  five  exceptions,  the  associated  substances  can- 
not give  exactly  correct  results  by  the  use  of  equation  4  and 
their  evidence  does  not  therefore  bear  upon  that  equation. 
Normal  octane  and  stannic  chloride  are  the  only  substances 
whose  divergence  can  be  considered  as  evidence  against  the 
conclusion  above  derived  and  it  is  sufficient  to  point  out  in 
explanation  a  remark  made  by  Dr.  Young'  when  the  vapor 
pressures  of  normal  octane  were  published.  He  there  states 
that  the  observed  values  of  the  vapor  pressure  above  280^  C 
for  normal  octane,  stannic  chloridey  and  acetic  add,  are  prob- 
ably too  low  owing  to  an  error  in  the  temperature  scale,  i.  e., 
in  the  boiling  points  of  the  liquids  used  as  a  heating  jacket. 
A  close  examination  of  the  observed  and  calculated  vapor 
pressure  curves  reveals  the  fact  that  no  matter  how  the  con- 
stants for  Biot's  formula  be  altered  they  cannot  exactly  repre- 
sent the  true  vapor  pressures  in  the  neighborhood  of  the  crit- 
ical temperature.  The  deviation  is  very  slight,  usually  neg- 
ligible when  the  vapor  pressure  is  considered,  because  the 

proportional  error  is  very  small.     But  when  the  -j-^  is    con- 
sidered the  proportional  error  is  very  large. 

Since  Biot's  formula  was  empirical  and  in  the  immediate 
neighborhood  of  the  critical  temperature  was  forced  to  fit  a 
curve  it  could  not  exactly  follow  it  usually  happens  that  the 

ijonr.  Ohem.  Soo.,  77,  1147  (1900). 
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curve  of  observed  vapor  pressures  cuts  the  curve  of  calculated 
vapor  pressures  in  the  neig-hborhood  of  the  critical  tempera- 
ture, the  observed  vapor  pressure  curve  having,  of  cour^,  the 
steeper  trend.  This  is  at  once  evident  by  the  change  from 
positive  to  negative  values  of  the  differences  between  the 
calculated  and  observed  vapor  pressures. 

We  would  here  point  out  the  great  accuracy  of  these  meas- 
urements made  by  Drs.  Ramsay  and  Young  and  by  Dr.  Young 
and  his  co-workers.  The  conclusion  that  the  calculated 
minus  the  observed  vapor  pressure  should  be  negative  near 
the  critical  temperature  was  wholly  theoretical  on  our  part. 
That  we  should  be  able  at  once  to  verify  this  conclusion  from 
the  measurements  when  the  differences  were  so  small  as  to 
have  been  laid  by  the  observers  themselves  on  the  errors  of 
measurement  (the  regularity  of  the  differences  having  escaped 
observation)  speaks  for  itself  as  to  their  accuracy  and  skill. 
The  observed  and  calculated  vapor  pressure  lines  are  almost 
indistinguishable  even  at  the  critical  temperature  and  when 
drawn  to  a  large  scale. 

In  order  to  show  that  equation  4,  or  the  more  general  form 
equation  3,  does  give  results  in  accord  with  Biot's  formula  at 
points  considerably  below  the  critical  temperature  we  have 
published  in  Table  2,  Jour.  Phys.  Chem.  9,  p.  408  (1905), 
«P 

vals  for  some  50°  C  below- the  critical  temperature.  We  have 
already  pointed  out  that  equation  3  itself  becomes  inaccurate 
at  yet  lower  temperatures. 

COBRBCT  VAIUHS    FOR  /   NBAR  THB  CRITICAL   TBMPBRATURB. 

Since  equation  3  enables  us  to  obtain  in  the  neighborhood 
of  the  critical  temperature  more  nearly  correct  values  for  the 
8P 
p=  than  we  had  been  able  to  obtain  in  previous  papers  when 


idbyGoOglC 


TpOS}  MlUS — MOLBCDLAR  Abtkaction.  97 

workiBg  with  Biot*8  fonnnla  we  concluded  to  use  these  values 
and  test  more  thoToughl;  the  equation, 

discussed  in  previous  papers'.    If  the  valne  of  the  -77=-    from 

equation  3  be  substituted  in  the  thermodynamical  equation  2, 
the  values  of  the  heat  of  vaporization  so  calculated  are  the 
same  as  those  obtained  from  equation  1.  Therefore  using 
these  values  and  substituting  them  in  equation  9  we  obtain 
the  corrected  values  for  the  constant.  The  results  so  obtained 
at  those  points  nearest  the  critical  temperature  are  given  in 
Table  2  under  the  heading  "New".  For  comparison  we  give 
under  heading  "Old"  the  values  that  we  had  previousi; 

obtained  for  /  at  this  same  temperature  when  using  the  pp 

obtained  from  Biot's  formula  in  calculating  the  heats  of 
vaporization  thermodTnamically.  '  Also  we  give,  under  the 
heading  "Mean",  the  average  value  of  the  constant  pre- 
viously adopted.  Agreement  is  not  of  course  to  be  expected 
for  the  four  associated  substances  last  shown  in  the  table. 
For  the  other  substances  there  is  little  question  but  that  the 
constants  so  obtained  agree  with  the  mean  values  to  within 
the  limit  of  experimental  error  except  in  the  cases  of  di-iso- 
butyl,  normal  heptane,  normal  octane,  and  methyl  acetate. 
We  are  unable  to  explain  the  smaller  values  obtained  from 
these  four  substances,  but  the  proof  that  equation  9  does  hold 
as  near  the  critical  temperature  as  it  is  possible  for  measure- 
ments to  be  made  is  now  complete  for  ethyl  oxide,  di-iso- 
propyl,  isopentane,  normal  pontane,  normal  hexane,  benzene, 
hexamethylene,  fluo-benzene,  carbon  tetrachloride,  stannic 
chloride,  methyl  formate,  and  ethyl  formate. 

1  Joor.  Fbjv-  Ohem.,  April.  190I;  Jtme,  lOM;  Dec,  ISOt. 
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THB  VALUE  OF  /   AT  THB  CRIUCAL  1VMFBRATUKB> 

It  is  possible  to  extend  this  proof  quite  to  the  critical  tem- 
perature  itself.  Substituting:  in  equation  9  the  value  of  L 
gfiven  by  the  thermodynamical  equation  2,  and  the  value  of 
E.  =  .0,3183  P  (V  —  V),   we  have 


'(t; 


.0,31833  |tJ|-P1|V- 


and  obtaining'  the  limit  of  this  equation  as  V  approaches  v  in 
value  we  have  for  the  equation  at  the  critical  temperature, 
where  V  =  n,  the  form 


[11] 


ST 


As  we  have  shown  the  most  correct  value  for  the  ^=  availa- 
ble at  this  temperature  is  that  given  by  equation  4  and  sub- 
stituting this  value  in  the  equation  we  get, 


[12]  /  =  VW  r^'^*    '  -  .0,955  P 


4 


This  equation  is  the  same  as  equation  17  of  the  third  paper'. 
Here  V,  T,  and  P,  are  the  critical  volume,  temperature,  and 
pressure  respectively,  and  m  is  the  molecular  weight  of  the 
substance  under  consideration.  The  equation  is  interesting 
t}ecau&e  it  gives  a  method  for  calculating  the  constant  of 
molecular  attraction,  ft',  in  terms  of  the  critical  constants  and 
the  molecular  weight  of  the  substance.  Since  the  molecular 
weight  enters  into  the  equation  it  evidently  cannot  be  applied 
to  associated  substances.  Again  using  the  critical  data, 
already  referred  to,  given  by  Young,  the  values  obtained 
from  this  equation  are  shown  in  Table  2  above.  Except  for 
di-isobutyl,  normal  heptane,  normal  octane,  methyl  acetate, 

IJoor.  Fhrs.  Ohem.,  Deo.,  IBOt. 
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and  to  a  less  degree  for  ethyl  formate,  the  agreement  with 
the  mean  values  of  /i.'  is  excellent  and  we  may  therefore  regard 
the  truth  of  equation  9  as  having  t>een  established  at  the 
critical  temperature'  itself  for  fifteen  of  the  nineteen  sub- 
stances under  consideration.  (Ethyl  formate  decomposes 
slightly  at  the  higher  temperatures  which  is  sufficient  to 
account  for  the  divergence,  three  per  cent.,  there  observed.) 
We  have  already  shown  that  normal  heptane  and  normal 
octane  give  constant  values  for  >•'  >"  equation  9  over  a.  range 
of  more  than  200°  C  in  temperature.  We  have  unpublished 
results  showing  the  same  to  be  true  for  methyl  acetate.  Di- 
isobutyl  did  give  a  variation  of  several  p^r  cent,  at  low  tem- 
peratures, a  divergence  that  we  think  was  sufficiently 
explained'.  It  would  seem  probable  therefore  that  the  diver- 
gences shown  by  these  four  substances  at  the  critical  temper- 
ature must  be  due  to  some  change  or  decomposition  taking 
place  in  the  substance  at  that  temperature  and  that  equation 
9  is  applicable  for  all  normal  substances  quite  up  to  the  criti- 
cal temperature. 

KATIO    OP    THB    THBORBTICAI.    TO    TQB    ACTUAL    CEITICAL 
DEN8ITV. 

In  a  preceding  paper*  we  showed  that  the  molecular  attrac- 
tion at  unit  distance,  ^  was  equal  to  c^'-^'m  ■  Therefore  we 
bave  from  equation  12, 

[13]  p.  =  c  f^iir  (■^^~- ^  -  -O^^SS  P  V 

In  the  same  paper  on  the  assumption  that  the  critical  tem- 
perature was  the  point  where  the  kinetic  energy  of  the  mole- 
cules was  just  balanced  by  the  molecular  attraction  we 
derived  equation  24  of  that  paper,  viz.: 

1  Jonr  PliTB.  Chem.,  8,  59S  (1904). 
*  JoQi.  Phys.  Ohem.,  8,  680  (1904). 
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[H]  t'^^^ 


f    -3-- 


where  T  is  the  critical  temperature  and  d  is  the  critical  den- 
sity. We  can  now  combine  this  value  of  ^  with  the  value  of 
fi  ^vea  in  equation  13  and  obtain, 

whence, 

PVm 


[16] 


T 


that    hexatnethyleae    and    carbon    tetrachloride  alone  (the 

associated  substances  being' excepted)  give  a  value  more  than 

three  per  cent,  from  the  average  value  16293. 

.0.16014  Pm  .    ^.     ^.         ^.     ,      -i.     ,  .       .^         , 

— * — = 16  the  theoretical  cntical  delisit;  and  equation 

16  is  really  the  ratio  of  the  theoretical,  De,  to  the  actual  crit- 
ical density,  dg,  and  can  take  the  form, 

[17]  -f-  =  constant. 

The  relation  in  this  form  has  been  fnlly  discussed  by  Dr. 
Young*.  It  here  appears  as  a  necessary  consequence  of  the 
ideas  that  we  have  advanced  though  we  did  not  foresee  that 
such  would  be  the  case,  and  hence  are  justified  in  considering 
the  deduction  of  this  relation  as  further  evidence  that  those 
fundamental  ideas  upon  which  this  series  of  papers  is  based 
are  correct. 

It  may  seem  unusual  that  we  should  have  been  able  to 
derive  two  different  equations  for  m  (equations  13  and  14)  in 
terms  of  the  critical  constants.  This  is  due  to  the  fact  that 
the  critical  temperature  besides  possessing  the  property  that 
the  molecular  attraction  just  balances  the  kinetic  energy  of 
the  molecules — the  relation  upon  which  equation  14  is  based 

FUL  Mag..  [SL  60,  Ml  (1900). 
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— cut  also  be  viewed  as  the  boiling'  point  and  from  this  point 
of  view  permits  the  deduction  of  equation  13.  We  hope 
shortly  to  complete  a  paper  applying  these  ideas  of  molecuUr 
attraction  more  fully  to  the  twiling'  point. 

We  should  also  point  out  that  by  combining  equation  11 
with  equation  14,  we  get, 

T 
[18]  —  =  cV 

where  c  is  a  constant.  This  equation  can  be  solved  so  as  to 
give  any  one  of  the  variables  at  the  critical  temperature  in 
terms  of  the  others  and  the  molecular  weight.  It  is  not  feas- 
ible now  to  further  examine  this  equation,  since  the  only  cot^ 

rect  values  for  the  -77=-  are  obtained  from  equation  4  and  this 

at  once  reduces  the  equation  to  the  form  of  equation  16. 

Dr.  Young  has  shown  that  the  average  constant  of  equa- 
tion 17  is  x-afij-    Since  the  theoretical  critical  pressure  is 

therefore  3.827  times  the  actual  critical  pressure  it  follows 
from  the  gas  law  and  equation  S  that  at  the  critical  tempera- 
ture, 

»P  _  7.654 P 

«T  ~       T     ' 


[19] 


This  equation  can  be  obtained  directly  from  equation  IS 
but  the  constant  is  then  unknown. 


1.  It  is  shown  that  the  -p^^  for  a  liquid  (vapor)  at  the  crit- 
ical temperature  is  exactly  twice  what  it  would  be  for  the 
same  substance  as  a  gas  occupying  the  critical  volume. 

2.  It  is  shown  that  Biot's  formula  for  vapor  pressure  can- 
not be  made  exactly  to  fit  the  true  vapor  pressure  curve  in  the 
inunediate  neighborhood  of  the  critical  temperature.    When 
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the  pressure  is  coasidere<l  the  proportional  error  is  very  small. 
When  the  -p=;  is  considered  the  proportional  error  is  larg«, 
and  the  values  obtained  from  Biot's  formula  are  too  small. 

=  /,  where  /  is  the  con- 


'  ^T  -  ^  D"  ■ 

stant  of  molecular  attraction,  is  shown  to  be  applicable  with 
exactness  in  the  immediate  neig^hborhood  of  and  at  the  criti- 
cal temperature  for  fifteen  out  of  nineteen  substances  consid- 
ered. The  equation  has  already  been  proved  accurate  at 
lower  temperatures. 

It  is  shown  that  the  constant  of  molecular  attraction,  /, 
can  be  calculated  from  the  critical  constants  and  the  molecu- 
lar, weigfht. 

5.  The  known  fact  that  the  ratio  of  the  theoretical  to  the 
critical  density  is  a  constant  for  all  substances  is  shown  to 
follow  necessarily  from  the  fundamental  ideas  and  equations 
upon  which  this  series  of  papers  is  based.^ 

Univertity  af  North  Carolina, 
JpnJ  Srd,  1905. 
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PROCEEDINGS  OF  THE  ELISHA  MITCHELL  SCIEN- 
TIFIC SOCIETY. 


155th  Mbbtino,  Octobbk  11,  1904. 

Professor  William  Cain,  President,  in  the  chair. 
The  following  papers  were  presented: 
The  Construction  of  a  Double  Six — A.  Henderson. 
The  Geological  History  of  Currituck  BaxMs— Cottier  Cobb. 
A.  S.  Whbbi^k, 
Recording  Secretary. 

156th  Mbbtino,  Novbubbr  8,  1904. 

Professor  William  Cain,  President,  in  the  chair. 
The  following  papers  were  presented: 
Molecular  Attraction—/.  E.  Mills. 

Experiments  on  the  Development  of  the  Skeleton  in  Sponge 
Larvae—/^.  V.  Wilson. 

The  Theories  of  Dyeing  with  Special  Reference  to  the  Con- 
stitution of  Cellulose—^.  ^.  Wheeler. 

A.  S.  Whbblbr, 
Recording  Secretary, 
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157th  MaKTiNG,  January  10,  1905. 

Professor  William  Cain,  President,  ia  the  cbair. 
The  following'  pa^rs  were  presented: 
The  Theory  of  Meta)  or  Re-enforced  Concrete  Domes — 
William  Cain. 
Steel  Hardening  Metals—/,  ff.  Pratt. 

A.  S.  Whhbler, 
Recording  Secretary. 

158th  Mbbting,  February  14,  1905. 

Professor  William  Cain,  President,  in  the  chair. 
The  following-  papers  were  presented: 
Mode  of   Inspection  of  the  Hookworm    Disease — Ji.    H. 
Whitehead. 
The  Mystic  Hexagram — Archibald  Henderson. 
Statistics  of  Cotton  Manufacturing  in  the  South — C.  L. 
Raper. 

A.  S.  Whkblbb, 
Recording  Secretary. 

1S9TH  Mbbtino,  March  14,  190S. 

Professor  William  Cain,  president,  in  the  chair. 
The  following  papers  were  presented: 
Normal  Paper — A.  S.  Wheeler. 
The  Mutation  Theory— IK  C.  Coker. 
Chemical  Affinity:  A  Method  for  Distinguishing  Chemical 
Energy  from  Simultaneous  Physical  Energy  Changes—/.  E. 
Mills. 

A.  S.  Whkblbs, 
Recording  Secretary. 

160th  Mbbting,  Aprii,  11,  1905. 

Professor  William  Cain,  president,  in  the  chair. 

A  motion  was  made  and  carried  that  the  old  arrangement 
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with  the  North  Carolina  Academy  of  Science  be  changed  to 
read  as  follows:  The  Mitchell  Journal  to  publish  minutes 
and  abstracts  of  papers  for  the  annual  meetings  of  the  North 
Carolina  Academy  of  Science  for  the  sum  of  fifty  dollars  a 
year  and  that  The  Journal  be  sent  to  all  members  of  the 
Academy,  but  not  to  the  associate  members. 

The  following  papers  were  presented: 

The  Edison  Storage  Cell—/.  E.  Latta. 

The  Orgfanization  of  the  Ovum — H.  V.  Wilson. 

Autophytographs—  Collier  Cobb. 

A.  S.  Whbblbb, 
Recording  Secretary. 

BusiKBSS  Mbbtino,  Sbptbhbbk  27,  1905. 

Professor  William  Cain,  president,  in  the  chair. 
Officers  for  the  ensuing  year  were  elected  as  follows: 
President,  H.  V.  Wilson. 
Vice-President,  Archibald  Henderson. 
Corresponding  Secretary,  F.  P.  Venable. 
Recording  Secretary,  A,  S.  Wheeler. 

Editorial  Committee  on  The  Journal:     W.  C.  Coker,  Chair- 
man; Archibald  Henderson,  J.  E.  Latta. 

A.  S.  Whbbi,bb, 
Recording  Secretary. 
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SOME  PROBLEMS  IN  THE  CELLULOSE  FIELD.* 


BY  ALVIN  S.   WHBBI^R. 
PtoMmt  tS  Cbtmiatrj,  Unlversltr  of  North  OaroUna. 

'  Tbe  vegetable  cell  is  a  laboratory  in  wfaich  are  carried  out 
a  most  remarkable  series  of  chemical  reactions.  As  we  con- 
template tbe  immense  number  of  organic  compounds  of  all 
degrees  of  compounds  which  are  formed  within  the  walls  of 
the  plant  cell  we  are  convinced  that  this  is  the  chemical  lab- 
oratory par  excellence.  Two  features  impress  us  particularly: 
first,  tbe  silence  in  which  the  operations  are  carried  on;  sec- 
ond, tbe  narrow  range  of  medium  temperatures  required. 
Notwithstanding  this  apparent  simplicity  of  conditions  the 
products  are  of  the  most  various  kind.  Some  of  these  man  is 
able  to  synthesize  in  his  own  crude  way;  others  are  stiU  the 
secrets  of  nature.  It  is  utterly  impossible  for  man  to  prepare 
certain  naturally  occurring  compounds  except  at  a  tempera- 
ture which  would  bum  tbe  plant  tissue.  We  are  led  to  wonder 
whether  forces  exist  of  which  we  are  unacquainted  or  whether 
we  are  merely  unable  to  control  tbe  forces  already  familiar  to 
us.  It  would  be  difficult  to  say  which  supposition  is  the  more 
.  probable.  It  will  be  granted  that  investigation  into  the 
activities  of  the  cell  is  of  profound  importance.  In  fact  it 
has  been  said  that  "it  is  in  the  plant  cell  where  synthetical 
operations  are  predominant  that  we  have  to  look  for  the  foun- 
dations of  the  'new  chemistry'  which  may  be  expressed  broadly 
as  the  relation  of  matter  to  life." 

Among  the  products  which  result  from  the  activities  of  the 
cell  is  cellulose,  an  essential  constituent  of  all  plant  tissue. 
Plant  physiologists  have  been  accustomed  to  identify  cellulose 

•U«prtQtad  from  The  Chemical  Engineer,  Vol.  U.,  So.  8,  Jvlj.  1906. 
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with  the  cell  wall,  but  modern  investigation  has  demonstrated 
the  error  of  this  belief  bj  showing-  that  the  ultimate  products 
-  of  hydrolysis  of  different  cell  walls  are  not  the  same.  Cotton, 
for  instance,  yields  dextrose;  the  cell  walls  of  the  seeds  of 
Lupittus  lutevs,  and  many  other  plants  give 'galactose,  while 
the  seeds  of  the  cereals  and  leguminous  plants  yield  arabinose 
and  xylose.  It  is  clear  that  cell  walls  are  not  of  uniform  com- 
position. How  they  actually  differ  has  not  yet  been  deter- 
mined, their  differentiation  being  an  extremely  difficult  prob- 
lem. The  name  cellulose  does  not  apply  to  a  single  individual, 
existing  in  only  one  form,  like  ethyl  alcohol.  Analyses  of 
various  bodies  regarded  as  cellulose  give  figures  leading  to 
the  empirical  formula  (C^„0,)n  in  which  the  carbon  percent-  . 
age  is  44.2  and  the  hydrogen  is  6.3.  The  highest  percentage 
of  cellulose  is  obtained  from  cotton,  the  yield  being  approxi- 
mately ninety  per  cent.  Most  of  Ihe  remainder  is  water,  and 
there  are  very  small  amounts  of  ash  and  complex  organic 
compounds.  Flax,  hemp  and  ramie  also  give  large  yields  of 
cellulose.  Again,  cellulose  is  used  to  designate  combinations 
of  the  body  already  mentioned  with  highly  complex  radicals 
of  unknown  constitution.  These  are  compound  celluloses  and 
are  more  specifically  termed  lignocelluloses,  muco-celluloses, 
pectocelluloses,  adipocelluloses  and  cutocelluloses.  Some  pro- 
gress has  been  made  in  the  constitutional  study  of  these  com- 
pounds, more  especially  the  lignocelluloses.  Cross  and  Bevaa 
have  studied  the  liguocellulose  of  jute,  selecting  this  form 
because  it  seemed  likely  to  be  the  simplest  representative 
since  jute  matures  in  one  season.  They  recognize  the  follow- 
ing general  constituents:  (a)  a-cellulose,  an  oxidized  cellulose; 
(b)  /3-ceUulose,  a  less  resistant  form  and  yielding  a  large 
amount  of  furfural  on  hydrolysis;  (c)  lignone,  a  radical  con- 
taining the  carbonyl  group  and  about  one-third  of  which  is  of 
the  benzeneoid  type. 

The  difficulties  surrounding  the  experimental  study  of  the 
celluloses  are  very  great.  Their  insolubility  in  the  ordinary 
solvents  precludes  purification  in  the  usual  way  and  r^niler^ 
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impossible  any  molecular  weight  determinations  by  the  frees- 
ing:  or  boiling  point  methods.  They  dissolve  in  a  concen- 
trated aqueous  solution  of  zinc  chloride  and  in  cuprammonium, 
fonning  colloidal  solutions  from  which  they  may  be  precipi- 
tated as  gelatinous  hydrates.  The  fact  that  they  are  colloids 
presents  one  reason  why  chemists  have  not  been  more 
attracted  to  their  study.  Colloids  have  been  very  unmanage- 
able, but  it  is  very  noticeable  that  an  increased  amount  of 
work  is  being  done  upon  them.  In  the  year  1890  only  three 
communications  upon  colloids  appeared,  while  in  1900  there 
were  twenty-three.  A  brief  statement  of  their  properties  is 
sufficient  to  show  their  unattractiveness.  They  possess  little 
affinity,  do  not  crystallize,  dissolve  to  an  indefinite  degree  in 
a  very  limited  number  of  solvents,  are  filtered  by  animal 
membranes  and  form  gelatinous  precipitates.  AcconJing  to 
one  view  which  is  held  by  many  we  have  in  the  colloidal  solu- 
tion not  a  solution  at  all,  but  a  suspension  of  very  finely 
divided  particles  which  are  much  larger  than  simple  mole- 
cules. In  view  of  their  precipitation  by  electrolytes  their 
study  is  being  prosecuted  by  electro-chemists  and,  although 
more  attention  is  being  paid  to  the  inorganic' colloids,  the 
whole  subject  is  undergoing  development.  As  new  light  is 
obtained,  a  deeper  insight  into  the  character  of  the  celluloses 
will  necessarily  follow.  It  will  help  to  make  possible  a  scien- 
tific classification,  something  which  is  lacking  at  present. 

The  formation  of  the  celluloses  is  one  of  the  most  interest- 
ing problems  connected  with  them  and  a  very  fundamental, 
one,  too.  What  is  the  antecedent  of  cellulose?  Dunn  has 
observed  the  formation  in  t>eet  juice  of  a  white  insoluble  sub- 
stance, possessing  the  characteristic  of  cellulose.  If  this 
substance  is  transferred  to  a  pure  cane  sugar  solution,  more 
of  it  is  formed.  These  observations  point  to  cane  sugar  as 
the  predecessor  of  cellulose.    The  more  elaborate  investiga- 

and  Morris  point  more  clearly  to  the  same  con- 
study  of  foliage  leaves  persuaded  them  that 

e  raw  material  out  of  which  cellulose  is  built 
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Qp,  but  that  is  rather  a  reserve  material  to  be  dravn  upon  in 
case  of  cell  starvation,  that  is,  vben  all  tfae  cane  sugrar  has 
been  translocated  as  dextrose  and  levulese.  The  problem  can 
not  be  regarded  as  settled  and  further  work  in  this  direction 
is  highly  desirable. 

As  already  stated,  the  simple  celluloses  are  represented  by 
the  empirical  formula  (C^H„0,)n,  the  letter  n  standing  for  a 
number  which  is  wholly  problematical,  although  Bumcke  and 
Wolffenstein  have  suggested  12.  As  for  a  constitutional  for- 
mula this  has  yet  to  be  worked  out.  How  much  progress  has 
been  made  and  what  remains  to  be  done?  The  great  stability 
of  cellulose,  made  familiar  by  its  almost  universal  use  as  a 
filtering  medium,  has  precluded  in  the  minds  of  many  of  us  a 
realization  of  the  chemical  activity  which  it  really  possesses. 
Its  attraction  for  water  is  very  strong,  cotton  cellulose  retain- 
ing from  six  to  twelve  per  cent,  in  the  air-dried  condition, 
and  if  this  water  is  driven  off,  it  will  be  reabsorbed  on  expos- 
ure to  the  atmosphere.  This  hygroscopic  property  bears  an 
undetermined  relation  to  the  presence  of  hydroxyl  groups 
because  it  decreases  as  the  number  of  hydroxyl  groups  is 
diminished  by  substitution  of  acid  radicals.  Since  the  tetrace- 
tate  seems  to  be  the  highest  normal  acetate,  it  is  probable 
that  there  are  four  hydroxyl  groups.  The  other  oxygen  atom 
is  combined  with  carbon  to  form  a  carbonyl  group,  although 
this  is  not  in  the  usual  reactive  condition.  In  the  easily 
derived  hydro-  and  oxy-celluloses  it  appears  at  once  in  natural 
character  of  a  reducing  agent.  The  large  proportion  of  acetic 
acid  obtained  when  cellulose  is  fused  with  alkaline  hydroxides 
indicates  the  presence  of  CO-CH,  groups.  Its  resistance  to 
the  action  of  halogens  and  alkalies  shows  it  to  be  a  saturated 
compound.  Owing  to  the  similarity  of  the  empirical  formula 
of  cellulose  and  starch  and  to  their  association  in  the  pro> 
cesses  of  nature,  it  has  been  customary  to  regard  them  as 
very  closely  related  in  constitution.  However,  there  is 
undoubtedly  a  fundamental  difference  between  them.  Vignon 
has  subjected  purified  cotton  and  starch  to  hydrolysis  with 
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dilute  hydrochloric  acid  at  100°.  The  percentage  yields  of 
reduciag-  products  equal  to  dextrose  were  as  follows:  cotton, 
3.29;  starch,  98.6.  Fenton  and  Gostling  have  brought  out 
another  striking  behavior.  Cotton  cellulose  is  acted  upon  by 
dry  hydrobromic  acid  in  ethereal  solution  producing  w-Brom- 
methylfurfural,  a  33  per  cent,  yield  being  obtained.  Under 
the  same  treatment  potato  starch  yielded  only  3.7  per  cent. 
The  belief  is  growing  that  cellulose  does  not  belong  to  the 
straight  chain  compounds  with  the  sugar  and  starches,  but  is 
instead  a  ring  compound.  Three  formulae  have  been  proposed 
for  the  unit  group,  C^_0,,  as  follows: 

CO 

CHOH  CHOH 

CHOH  CHOH 

V 

O CH— CHOH 


Cross  and  Bcvan's, 


Viyaon's,       I    6   CHOH; 
CH.— CH— CHOH 
CHOH— CH— CHOH 


CHOH-OH-CH. 

Any  general  theory  of  dyeing  must  take  into  account  the 
constitution  of  cellulose.  The  three  theories  which  have  been 
held  are  (a)  the  mechanical,  (b)  the  solid  solution,  and  (c) 
the  chemical.  In  view  of  the  diverse  chemical  character  of 
the  three  most  important  textile  materials,  silk,  wool  and 
cotton,  it  seems  improbable  that  one  theory  will  ever  occupy 
the  field  to  the  exclusion  of  the  other  two.  There  are 
no  reasons  a  priori  for  not  comhining  the  three  by  select- 
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ing-  what  truth  there  may  be  in  each  one.  The  attempts  to 
hold  to  one  theory  have  been  attended  with  serious  difficul- 
ties. As  for  cellulose  (cotton  and  linen  fabrics)  its  nature  as 
a  chemical  compound  comes  into  {day  in  certain  dyeing  pro- 
cesses. It  behaves  as  a  weak  acid  and  if  this  acid  character 
is  increased  by  conversion  into  oxycellulose,  it  exhibits  an 
increased  af&nity  for  basic  dyes.  On  the  other  hand,  Vijfnon 
has  caused  cotton  by  treatment  with  ammonia  under  various 
conditions  to  take  up  as  much  as  2.86  per  cent.  N  which  is 
not  extracted  by  dilute  hydrochloric  acid  and  now,  possessing 
basic  properties,  it  will  take  an  acid  dye  from  an  acid  bath. 
These  reactions  seem  to  be  cases  of  simple  salt  formation.  As 
for  the  solid  solution  theory  Witt  regfards  substantive  dyeing 
as  a  case  of  one  solid  dissotvtngf  another.  The  dye,  beings 
more  soluble  in  the  fibre  than  in  the  water,  is  extracted  there- 
from by  the  fibre  and  in  the  fibre  the  dye  exhibits  the  same 
characteristics  which  it  shows  in  aqueous  solution.  Accord- 
ing to  this  view  the  chemical  nature  of  the  textile  is  of  no 
consequence  except  as  it  affects  its  solvent  capacity.  The 
behavior  of  cellulose  with  certain  dyes  does  not  seem  to  mili- 
tate against  this  view.  The  general  question  is  constantly 
under  investigation. 

Although  cellulose  is  distinguished  by  its  permanence,  it  is 
attacked  by  a  great  variety  of  oxidizing  agents.  The  pro- 
duct, called  oxycellulose,  is  not  uniform  in  character  and 
experimenters  seldom  agree  in  their  analytical  data,  Bumcke 
and  Wolffenstein  recently  discarded  tlft  term  oxycellulose  and 
re-opened  the  whole  question.  The  action  of  hydrog-en  perox- 
ide upon  filter  paper  was  studied.  They  came  to  the  conclu- 
sion that  cellulose  can  not  undergo  simple  oxidation  without 
hydrolysis.  They  substitute  the  name  hydracellulose  for 
oxycellulose,  this  name  indicating  the  hydrolytic  production 
and  aldebydic  properties  of  the  product.  It  bears  the  same 
relation  to  cellulose  as  glucose  to  cane  sugar.  Tollens  has 
also  recently  investigated  the  oxycellulose  and  proposes  the 
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name  cellozin  for  a  body  with  the  formula  C^^O,,  or  C,H^O^ 
believing'  that  the  ozycelluloses  are  varying-  mixtures  of  cellu- 
lose with  cellozin.  Attempts  to  isolate  cellozin  have  been 
unsuccessful.  Vignon  sug-gests  that  ozycellulose  consists  of 
three  molecules  of  cellulose  associated  with  the  group 

CHOCCHOH),CHCO 
\/ 
O 

which  is  at  once  an  aldehyde,  an  alcohol  and  a  lactone.  The 
unsettled  state  of  this  part  of  the  field  is  apparent. 

The  fermentation  of  cellulose,  although  an  important  ques- 
tion, has  been  studied  by  a  few  investigators  only,  notably 
Hoppe-Seyler,  Tappeiner,  Omelianski  and  Van  Senus.  Insuf- 
ficient work  has  been  done  upon  pure  cellulose  and  I  have 
undertaken  this  phase  of  the  investigation.  Van  Tieg-ben 
states  that  the  Cellulose  ferment  corresponds  iu  properties 
with  "amylobacter,"  a  bacterium  described  by  him,  and  it 
has  been  commonly  asserted  since  that  this  was  the  cellulose 
ferment.  Van  Senus  regards  this  as  extremely  doubtful, 
since  these  bacteria  do  not  attack  cellulose  suspended  in  a 
meat  extract  solution.  The  fermentation  is  anaerobic  and 
the  products  of  decomposition  are  hydrogen,  carbon  diozide, 
methane,  acetic  and  butyric  acids,  the  proportions  varying' 
with  the  conditions.  If  the  fermentation  can  be  carried  out 
so  that  an  intermediate  product  like  alcohol  is  obtained,  a 
discovery  of  tremendous  importance  will  have  been  made. 
The  subject  of  fermentation  is  also  important  in  its  relation 
to  digestion  not  only  in  the  human  species  but  more  especially 
in  herbivorous  animals. 

Through  the  decomposition  of  cellulose  by  chemical  rea- 
gents there  are  obtained  ozalic  acid,  alcohol  and  sugar, 
according  to  the  conditions  employed.  Classen  has  gotten 
out  a  number  of  patents  for  the  production  of  sugar  (deztrose) 
from  wood  and  he  makes  the  startling  claim  that  sulphuric 
>cid  converts  all  of  the  cellulose  in  wood  into  sugar.     When 
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we  consider  the  vast  waste  of  cellulose  in  the  form  of  sawdust 
(acres  of  it  about  a  siai^le  saw  mill)  the  possibilities  of  a  new 
source  of  sugar  (and  from  that,  alcohol)  are  extremely  inter- 
esting. 

Cellulose  is  acquiring  a  greater  and  greater  importance  in 
the  arts  and  manufactures.  Its  use  as  a  paper  stock  and  as  a 
raw  material  for  clothing  place  it  in  the  front  rank  of  indus- 
trial products.  Some  of  its  derivatives  also  find  extensive 
application,  the  nitro-celluloses  for  explosives,  artificial  silk 
and  celluloid,  and  the  thiocarbonate  for  artificial  silk.  The 
tetracetate  has  been  found  to  possess  insulating  powers  supe- 
rior to  gutta-percha  and  it  is  now  a  commercial  product.  If 
a  solution  of  the  acetate  is  allowed  to  evaporate  a  film  of 
great  tenacity  is  obtained  which  may  be  used  in  photography 
and  for  laquering  metals.  An  acetate  may  also  be  obtained 
in  the  form  of  a  powder,  soluble  in  chloroform  and  nitro- 
benzol.  This  is  used  for  preparing  substances  resembling 
celluloid  and  as  a  substitute  for  collodion.  Its  advantages 
lie  in  the  fact  that  it  is  odorless  and  is  not  inflammable.  Two 
problems  which  have  not  been  seriously  attacked  are  the  con- 
ductivity of  pure  cellulose  and  the  use  of  cellulose  as  a  mem- 
brane in  osmotic  work.  Many  other  questions  of  varying 
degrees  of  importance  might  be  mentioned. 

In  concluding  this  brief  survey  I  wish  to  express  my  agree- 
ment with  the  idea  now  often  expressed  that  the  demarcation 
line  between  the  scientific  and  the  practical  has  hitherto  been 
too  sharply  drawn.  Professor  Jordan  recently  said:  "It  is 
often  a  temptation  to  distinguish  radically  between  pure 
science  and  applied  science  and  to  look  upon  the  latter  as 
unworthy  the  attention  of  the  philosophically  minded.  True 
science  can  admit  of  no  such  distinction,"  and  President  Jor- 
dan says,  "Applied  science  can  not  be  separated  from  pure 
science,  for  pure  science  may  develop  at  any  quarter  the 
greatest  and  most  unexpected  economic  values,  while,  on  the 
Other  hand,  the  applications  of  knowledge  must  await  the 
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acquisition  of  knowledge  before  any  higb  achievement  in  an; 
quarter  can  be  reached.  •  *  •  Whatever  is  true  is  likely 
sometime  to  prove  useful  and  all  error  is  likely  sometimes  to 
prove  disastrous." 
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EXPERIMENTS  ON   THE   PRODUCTION  OF  CRUDE 
TURPENTINE  BY  THE  LONGLEAF  PINE. 


With  the  hope  of  improviag  the  method  of  distillation  com- 
moaly  practiced  in  the  production  of  spirits  of  turpentine 
from  the  crude  resin  of  the  Longleaf  Pine,  the  writer,  at  that 
time  connected  with  tlie  University  of  Georgia,  begran  a  sys- 
tematic study  of  conditions  throng-hout  the  turpentine  belt. 
Information  was  gathered  from  publications  of  the  U.  S. 
Department  of  Agriculture  and  from  correspondence  with 
leading  men  in  the  naval  stores  industry,  railroad  officials  and 
others. 

It  soon  became  apparent  that  the  industry,  which  had 
started  on  a  rather  small  scale  in  eastern  North  Carolina,  had 
gTonn  to  large  proportions,  affording  employment  to  thous- 
ands of  laborers  and  furnishing  the  world  with  at  least  ninc- 
tentbs  of  the  spirits  of  turpentine  and  rosin  used  in  manufac- 
tures. It  also  became  evident  that  during  this  period  of 
growth  the  forests  of  North  Carolina  and  South  Carolina  had 
been  almost  completely  exhausted,  while  those  of  Georgia 
were  being  rapidly  destroyed.  Throughout  the  territory 
methods  of  operation  were  at)solutely  uniform.  A  visit  to 
different  sections  showed  at  once  the  explanation  of  the  com- 
plete destruction  of  the  forests  in  the  Caroliaas,  for  in  addi- 
tion to  the  removal  of  timber  by  the  lumbermen,  fires  and 
storms  following  in  the  wake  of  the  turpentine  operator  had 
completed  the  destruction.  It  needed  no  close  observation  to 
determine  at  once  that  the  chief  cause  of  this  destructive 
action  by  fires  and  storms  was  the  "box",  a  large  and  deep 
hole  cut  into  the  trunk  of  the  tree  at  its  base  to  receive  the 
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resin  which  exudes  duriDg  the  spring-  and  stunmer  months 
from  the  freshly  scarified  trunk  above. 

In  the  cutting  of  the  "box"  or  "boxes"  in  the  base  of  the 
tree  its  trunk  is  partly  severed  and  in  storms  splits  off  at  the 
top  of  the  box,  breaking  usually  three  or  four  feet  higher. 

Again,  the  turpentine  belt  is  characterized  by  a  complete 
ground  covering  of  "wire  grass"  whose  exposed  blades  die 
during  winter  and  are  annually  burned  off  in  the  early  spring 
months  to  furnish  better  grazing  for  cattle.  So  long  as  tur- 
pentine operations  are  active,  these  ground  fires  do  not  dam- 
age the  trees,  for  during  the  winter  the  laborers  remove  with 
hoes  all  wire  grass  and  fallen  straw  a  safe  distance  from  each 
tree;  but  when  the  forest  is  abandoned,  this  precaution  is 
no  longer  taken  and  with  the  next  fire  the  resin  which  has 
gradually  accumulated  in  the  old  "box"  lakes  fire,  the  heat 
melts  the  resin  on  the  scarified  surface  above  which,  flowing 
into  the  box,  adds  fuel  to  the  flames  until  the  tree  fails;  or  if 
the  case  is  not  so  extreme,  until  the  tree  is  weakened  to  such 
an  extent  that  it  can  no  longer  resist  the  attacks  of  injurious 
insects  which  soon  kill  it. 

The  evident  loss  from  this  factor  was  so  much  greater  than 
from  imperfections  in  the  method  of  distillation  that  common 
sense  prompted  that  immediate  efforts  be  diverted  from  the 
matter  of  distillation  to  that  of  a  practical  device  for  collect- 
ing  the  resin  which  would  render  unnecessary  the  cutting  of 
the  '  'box".  Many  evidences  were  found  of  unsuccessful  efforts 
to  introduce  a  form  of  a  cup  system,  some  of  these  being  iden- 
tical with  the  cup  system  used  in  the  turpentine  forests  of 
France  since  1860.  But  none  had  found  any  permanent  place 
in  the  industry. 

With  a  simple  apparatus  somewhat  like  the  French,  con- 
sisting of  a  cup  and  two  metallic  troughs,  preliminary  experi- 
ments were  begun  during  the  summer  vacation  of  1901  at 
Statesboro,  Ga.  The  metallic  troughs  or  gutters,  consisting 
of  two  inch  strips  of  sheet  galvanized  iron,  bent  along  the 
middle  to  form  a  trough,  are  inserted  in  inclined  shallow  cuts 
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across  flattened  surfaces  of  the  tree  and  serve  to  lead  the  resin 
to  a  central  point.  One  of  the  gutters  is  sHgcbtly  higher  than 
the  other,  delivering  its  resin  into  the  lower  gutter,  from  the 
end  of  which  all  the  resin  drips  into  the  cup  suspended  on  a 
nail  just  below.  Such  an  apparatus  can  at  the  end  of  each 
season  t>e  easily  raised  to  a  point  near  the  scarification  sur- 
face. With  this  apparatus  tests  were  made  primarily  of  its 
practicability  and  effectiveness.  Further,  the  quality  of  the 
resin  exuding  from  the  trees  in  successive  years  of  operation 
was  determined.  Under  the  "box"  system  the  resin  of  the 
second,  third  and  fourth  years  of  operation  shows  gradually 
increasing  coloration  and  the  rosin  left  after  distillation  Of 
the  volatile  spirits  of  turpentine  is  a  deeper  red  and  less  valu- 
able. With  the  cup  and  gutters  placed  near  the  fresh  ly  scarified 
surface,  it  was  proved  that  the  quality  of  the  resin  so  far  as 
concerns  color  is  as  good  in  the  fourth  as  in  the  first  year,  the 
color  of  the  resin  from  the  old  "boxes"  being  due  to  absorp- 
tion of  the  highly  colored  oxidized  resin  on  the  long  surface 
above  the  "box".  Quantitative  experiments  were  made  upon 
the  loss  of  resin  which  falls  outside  of  the  "box",  due  to 
trunks  not  perpendicular,  and  of  the  loss  of  volatile  spirits  of 
turpentine  during  the  long  flow  to  the  "box".  It  was  also 
shown  that  different  portions  of  the  circumference  of  a  tree, 
in  many  cases,  vary  greatly  in  ability  to  produce  resin,  and 
that  the  underside  of  a  leaning  tree  is  much  more  productive 
than  the  upper  side.  The  daily  rate  of  flow  after  scarifica- 
tion was  studied  and  it  was  found  that  in  general,  sixty  per 
cent,  of  the  flow  takes  place  during  the  first  period  of  twenty- 
four  hours,  twenty-five  during  the  second  and  after  seven 
days,  the  flow  practically  ceases.  Numerous  other  studies 
were  projected  and  some  were  partly  carried  out,  but  the  sum- 
mer vacation  being  ended,  it  was  necessary  to  discontinue  the 
work  in  the  field. 

The  interest  of  the  U.  S.  Bureau  of  Forestry  was  aroused 
by  these  preliminary  experiments  and  by  the  promise  of  prac- 
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ticability  in  the  simple  apparatus  used.  This  led  the  writer 
during  the  followint?  winter  to  accept  a  commission  from  the 
Bureau  to  undertake  field  experiments  on  a  commercial  scale 
to  test  further  the  usefulness  of  the  appartus  in  the  hands  of 
the  averag-e  turpentine  laborer,  and  to  detennine  the  import- 
ant question  of  whether  or  'not  the  cutting  of  the  box 
decreases  the  productive  power  of  the  tree. 

Crude  turpentine  (resin)  is  a  pathological  product,  result- 
ing from  the  wound  given  the  tree  id  scarification.  •  It  is  nec- 
essary to  wound  the  tree  to  get  the  flow  of  resin,  but  the  cut- 
ting of  the  "box"  is-an  unnecessary  and  intense  wound  and  it 
seemed  reasonable  to  expect  that  in  comparative  experiments 
trees  which  are  not  "boxed"  would,  with  all  other  conditions 
equal,  show  an  increased  yield. 

These  field  tests  were  carried  out  at  Ocilla,  Ga.,  on  the 
place  of  Messrs.  Powell,  Bullard  &  Co.  About  twenty-five 
thousand  trees  were  used  during  th?  first  year.  From  one- 
half  of  these  the  resin  was  collected  in  the  usual  "box";  on 
the  other  half  cups  and  gutters  were  placed.  .  Four  distinct 
sets  of  experiments  were  made  corresponding  to  first,  second 
third  and  fourth  years  of  operation,  five  thousand  cups  and 
five  thousand  boxes  in  each  set.  Every  precaution  was  taken 
to  insure  uniformity  of  conditions  between  the  two  halves  of 
each  set,  or  "crop"  as  designated  in  turpentine  operating. 
Careful  record  was  kept  of  the  yield  from  all  of  the  eight  half 
"crops",  each  being  separately  distilled  and  the  products  sold 
separately.  The  results  of  the  year's  tests  were  published 
by  the  Bureau  of  Forestry  as  Bulletin  No.  40,  entitled  "A 
New  System  of  Turpentine  Orcharding". 

After  the  first  year,  the  experiments  were  continued  only 
on  one  of  the  four  sets,  that  designated  "first"  above,  for 
only  in  this  set  did  full  conditions  for  comparative  results 
obtain,  one-half  of  the  trees  in  this  set  never  having  been 
"boxed",  .while  in  the  other  three  sets,  all  of  the  trees  had 
been  boxed  in  previous  years  of  operation. 

After  conducting  the  tests  three  years,  the  experiments 
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were  discontinued  and  th?  results  published  by  the  Bureau  of 
Forestry  as  Circular  No.  34  entitled  "Practical  Results  of  the 
Cup  and  Gutter  System  of  Turpentining".  The  summary  of 
these  results  shows  the  total  value  of  the  products  (spirits  of 
turpentine  and  rosin)  trom  three  years  of  operation  to  have 
been  from 

the  cupped  balf-crop $2,688.55 

the  boxed  half-crop 2,046.53 

Gain  from  cupped  half-crop $    642.02 

an  increase  of  about  32  per  cent  over  the  "twx"  system. 

The  results  of  the  first  year  of  operation  of  these  two  half- 
crops,  during  which  time  conditions  were  identical  in  each 
except  that  in  one  balf  crop  "boxes"  had  been  cut  in  the  trees, 
showed  an  increased  yield  from  the  unboxed  trees  of  23.5  per 
cent.,  thus  confirming  the  hypothesis  that  the  cutting  of  the 
box  decreased  the  productive  power  of  the  tree. 

The  publication  of  these  results  has  resulted  in  the  com- 
mercial introduction  of  the  system  on  a  large  scale,  and  in 
many  cases  the  results  obtained  with  the  apparatus  have 
exceeded  those  obtained  in  the  experimental  tests. 

But  the  introduction  of  the  cup  system  cannot  of  itself  save 
the  forests  of  Longleaf  Pine  from  destruction.  If  too  great  a 
proportion  of  the  circumference  of  the  tree  be  removed  in 
scarification,  or  "chipping"  as  it  is  termed,  the  tree  will  die 
whether  a  "box"  has  been  cut  or  a  cup  hung.  Further  exper- 
iments have,  therefore,  been  begun  by  the  Bureau  of  Forestry 
to  determine  to  what  extent  the  wound  given  in  "chipping" 
can  be  decreased  in  width,  height  and  depth  without  decreas- 
ing the  production.  It  is  possible  that  by  moderate  reduction 
the  production  may  even  be  increased.  These  experiments 
are  now  in  progress. 
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A  MEMOIR  ON  THE  TWENTY-SEVEN  LINES  UPON 
A  CUBIC  SURFACE. 


AKOBXBALD  BSHDBBSOH,  FH.D. 


CHAPTER  II. 


The     configuration     op     thb     doublb-sdi.    adxiliaht 
thborbhs. 

55.     T/ie  Double-Six  Notation. 

L«t  us  write  down,  in  Salmon's  notation,  two  S7Stem8  of 
non-inrersecting  lines 

"3.  rd,  ef,  iad  ■  cf  '  «4)„  {ad  ■  cf  ■  eb)„  {.id  ■  cf  -  «A), 
n\  eb,  ad,  (ai  •  cd  ■  e/),,  (ab  •  cd  •  ef\,  {ab  ■  cd  •  e/)^. 

In  this  scheme,  according^  to  fonner  postalation  (§4),  each 
line  of  one  system  does  not  intersect  the  line  of  the  other  sys- 
tem, which  is  written  in  the  same  vertical  line,  but  does 
intersect  the  five  other  lines  of  the  second  system. 

The  configuration  was  first  observed  by  Schlaflt*  and  was 
given  by  him  the  name  it  has  since  borne — a  "double-six". 
The  concept  of  the  double-six  lies  at  the  very  basis  of  the 
study  of   the  lines  upon  a  cubic   surface   and  the   notation 

•"An  attempt  to  determine  the  twenty-wven  lines  upon  ftsorfftoe  of  the 
third  order,  and  to  divide  mch  nirfaoea  into  apeoiea  in  reference  to  the 
realitj  of  the  lines  npon  the  Borfaoe",  Qnartei'lT  JonmAl  of  Math  (ISM), 
vol.  II,  pp.  »t-6S,  iio-iao. 
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derived  tlierefrom  is  tbe  most  simple  and  convenient  tbat  has 
yet  been  discovered  for  tbe  27  lines  and  45  triple  tangent 
planes. 

Notation.     Starting  with  the  double-six,  written 


*..  *,.  *,.  *..  *,.  *. 
we  are  enabled  to  express  the  complex  and  diversified  symme- 
try of  tbe  27  lines  and  45  triple  tangent  planes  in  unique  and 
simple  fonn. 

Returning  to  the  double-six,  written  in  Salmon's  notation, 
it  appears  thiA  the  lines  ab,  cb,  and  eb  He  in  the  same  plane 
and  are  the  only  three  of  the  27  lines  that  lie  in  tbe  plane  h. 
In  like  manner  cb,  cd,  and  c/a\\  lie  in  tbe  plane  c  and  hence 
the  line  that  lies  in  tbe  plane  of  ab  and  eb  is  identical  with 
the  line  tbat  lies  in  tbe  plane  of  cd  and  c/,  viz.,  tbe  line  cb. 

In  the  new  notation,  we  shall  call  tbe  third -line  in  the 
plane  of  a,,  and  A,  which  intersect,  the  Hne  c„  and  the  trian- 
gle so  formed  shall  be  designated  by  12.  As  has  t>een  shown 
above,  the  side  c^  forms  with  a,  and  b,  a  triangle,  designated 
21.  Hence  we  have  15  (=,c,)  lines  c,  each  of  which  inter- 
sects only  those  four  lines  a,  b  the  sufBxes  of  which  belong  to 
the  pair  of  numbers  forming  the  sufBx  of  c.  For  suppose  c„ 
should  intersect  any  other  line,  say  a,,  of  the  eight  lines  a,, 
a,,  «j,  «,;  A,,  i,,  Aj,  A,.  Then  c„  intersecting  a„  i,,  a^  and  i, 
already,  c„  a^  b,  and  c„  a,  b,  form  two  triangles,  and  since 
they  have  two  lines  in  common,  their  planes  are  identical  and 
consequently  b,  intersects  £,,  contrary  to  hypothesis. 

Any  two  (fs,  the  sufGxes  of  which  have  a  number  in  com- 
mon, do  not  intersect.  For  suppose  c^,  c^^  intersect;  they 
form  a  plane  in  which  w,  and  b,  lie  and  therefore  a,  meets  b,, 
contrary  to  hypothesis.  It  may  also  be  shown  that  any  two 
e^St  the  sufKxes  of  which  have  no  number  in  common,  do  inter- 
sect. 
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These  facts  may  be  briefly  put  as  follows: 

Oi  intersects  at,  by,  Gj,  bi  I 

cy  intersects  cu  .  ^     a  j  k  l=\  2         6^ 

Cii  does  not  intersect  c«  J        )fj  ^  ^  aU'distinct 

fiu  =  '^J'  i 

Af^  is  not  equa)  to  ^^  I 

We  see  then  that  there  are  triangles  of  the  form  c,,:  c^,  c^, 
which  may  be  briefly  represented  by  12  •  34  ■  56.  Hence 
there  are  thirty  (,./*,)  triang-les  of  the  type  12  and  fifteen  of 
the  type  12  •  34  ■  56.  The  latter  arises  from  the  fact  that, 
if  we  fix  our  attention  upon  12.  the  other  two  sets  may  be 
written  in  only  three  ways. 

§6.     History  of  the  Theorem. 

In  1858  Schlafli  (,/.  c)  proved  the  double-sijt  theorem  inci- 
dentally in  connection  with  his  investig'attons  on  the  27  lines 
on  the  cubic  surface.  He  enunciated  the  theorem  in  the  fol- 
lowing form: — 

Given  five  lines  a,  b,  e,  d,  e,  -which  meet  the  same  straight 
line  X:  then  may  any  fcttr  of  the  five  lines  be  intersected  by 
u::(ithcr  line,  Sufipose  that  A,  B,  C,  D,  E  are  the  other  lines 
intersecting  (b,  c,  d,  e),  (c,  d,  e,  a),  {d,  e,  «,  A,),  (c,  a,  b,  c,) 
and  (a,  b,  c,  d)  respectively.  Then  A,  B,  C,  D,  E  -will  all  be 
met  by  one  other  straight  line  x. 

The  double-sis  in  this  case  is  written 


/   a,    b,   c,    d,    e,    x\ 
\  A,  B,  C,  D,B,x) 


Schlafli  then  proposes  the  question — "Is  there,  for  this  ele- 
mentary theorem,  a  demonstration  more  simple  than  the  one 
derived  from  the  theory  of  cubic  forms?" 

Sylvester*  states' that  the  theorem  admits   of  very  simple 

■Note  mr  lee  97  droites  d'n&e  soT&oe  da  8<  degr^,"  Oomptea' Rendu, 
TOl.  Lll  (18*1)  pp.  977-980. 
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gfeometrical  proof  but  he  did  not  give  the  proof.  Salmon'*  has 
given  a  method  for  geometrically  constructing  a  double-six 
but  I  do  not  understand  it  to  be  a  proof  of  the  theorem,  inde- 
pendent of  the  cubic  surface. 

In  1868  Cayleyt  gave  a  proof  of  the  theorem  from  purely  sta- 
tic considerations,  making  use  of  theorems  on  six  lines  in 
involution.  Again  in  1870  Cayleyt  verified  the  theorem, 
using  this  time  his  method  of  the  six  co-ordinates  of  a  line. 
Kasnerll  has  recently  given  a  proof  by  using  the  six  co-ordi- 
nates of  a  line. 

The  method  I  have  adopted  in  the  following  is  indepen- 
dent of  the  theory  of  cubic  surface?. 

INOTK.  This  proof  aud  a  model  of  the  oonflgnratioD  oonstmoted  in  Nov. 
ISOS,  were  presented  b;  me  before  the  Chicago  Seotion  of  the  Am.  Math. 
SooletfOQ  Afoil  11th,  1908.  I  liad  not  at  that  lime  Been  Kasner's  article  In 
the  Ai»il,  1908,  utunber  of  the  Amerioan  Joornal,  an  artiole  having  points 
of  oontaot  with  mine.  J 

§7.     Proof  of  the  Double  Six  Theorem. 

Representing  the  double-six  in  the  Schlafli-Cayley  notation 


(1   2   3  4  5   6  \ 
1'  y  3'  4'  5'  6'  / 


it  is  seen  that  these  12  lines  have  the  thirty  intersections /'^ ', 

"GeomMry  of  8  Divisiona,  4th  edition,  p.  BOO. 

t"A  'Smith's  Prise'  Paper;  Solntious",  Ooll.  Math  Papers,  vol.  VIII 
<18e8)  pp.  480-181. 

t"On  the  Donble-Sixers  of  a  Onbio  Snr&ce",  Coll.  Math.  Papers,  vol. 
TIL,  pp.  31S-S80;  Qnarterl;  Jonrual  of  Mathematics,  vol.  X,  (1870) 
68-71. 

tl'The  DonUe-Six  OcmUgnnUion  Oonneoted  with  the  Onbio  Snrfaoe,  and 
a  Related  Gronp  of  Oremona  Tiaosformations",  American  Joonial  of 
ibthamattM  vol  ZXV,  Ko.  %  (190S),  ^.  107-182. 
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1         a         S         4         6         6 


and  detennine  thirty  plaaes  n^^ ',  (formed  by  tbe  lines  t  and 

;■')■ 

Using  quadriplanar  co-ordinates,  I  choose  for  the  lines  1', 
3',  4'.  5'.  6'  the  following  equations: 

r  :  ^Cx  +  SSAz  -  (a'/S  -  o.yS)w  =  0.   ^  =  0 

3'  :  y^Dy  -  O'yfi'  -  KjS/8)*  +  y/Bw  =  0,    *  =  0 

4'  :  z=Q,     w  =  fi 

5'  :  Sie  —  <^w  =  0,     -/y  -~  ffz  =  Q 

6'  :  &*■  —  aw  =  0.     ly  —  ^a-  =  0 

where  we  set 

A,  B,  C,  D  =  (a'  -  Ka),  {^  -  Kff),  (y  -  AV),  (S*  -  A8) 

respectively. 

These  five  lines  have  a  common  tractor*  since  the  determ- 
inant 

"Ot^ley  OBM  tbe  wwd  'tractor'  to  denote  a  lime  whlob  tn«et8  ai^  given 
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0  ,  (12),   (13),  (14),  (15) 

(21),  0  ,  (23),  (24),  (25) 

(31),  (32),       0  ,  (34),  (35) 

(41),  (421,   (43),  0  ,  (45) 

(51),  (52),   (53),  (54).  0 

this  being:  the  condition*  that  an;  five  lines  1,  2,  3,  4,  5  saj, 
have  a  common  tractor,  where  the  equations  of  lines  i  and  j 


■(>) 


respectively,  and  we  understand  hj  (ij  )  the  determinant 

0{  ,   hi ,  ct ,  di 
'    «<  .    A  ,    Yi  .    8( 

I      0}  ,     b}  ,     C)  ,     dj 

The  fine  lines  1',  3',  4',  S',  6'  constituting  the  co-tractorial 
qmntuple  do  not  mutually  intersect,  since  in  forming  the 
determinants  ( tj ),  none  of  them  are  found  to  vanish.  A  pos- 
sible difficulty  arises  from  the  fact  that  the  hyperboloid  through 
any  three  of  these  five  colHnear  lines  might  touch  a  fourth, 
that  is  to  say  that  certain  four  of  the  lines  might  have  a  dou- 
ble tractor.t  That  such  is  not  the  case  appears  in  the 
sequel. 

Determining  now  the  common  tractor,  2,  of  these  five  lines, 
we  find  it  to  have  the  equations 

*S7lTaater,  "Note  wta  riuvo)atio&  de  six  Ugnea  dam  I'eepace",  Oomptea 
Rendna,  vol.  LII  (ISai).  pp.  Bl(i-817. 
tOc^lej,  "OntheSlx  Oo-ordlnatM  of  a  line".    Tram.  Oamb.  Phil.  3oo., 

vol.  zi,  pwt  n  (1SS9)  V9-  iSKt-va. 
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_  I    y'B  (i!x  -  a'w)  -  SA  {.-/y  -ffz}=0 

2  •  )    yBiSx-ow)-  iA  iyy  -  fig)  =  0 

Now,  in  general,  four  given  lines  have  a  pair  of  tractors. 
Since  the  five  lines  1,  3',  4',  5',  6  already  have  a  single  trac- 
tor 2,  they  have,  in  sets  of  four,  five  more  tractors,  thus: — 
the  lines  1,  3,  4,  5,  6  are  tractors  of  the  sets  (3',  4',  S',  6'). 
(1',  4'.  5',  6'),  a'.  3'.  5',  6'),  (I'.  3'.  4',  6'),  (1'.  3',  4',  5')  respec- 
tively. 

Let  us  proceed  to  determine  the  equations  of  the  five  lines 
1,  3,  4.  5,  6.  Recalling  the  values  of  A,  B,  C  and  D  above,  it 
is  obvious  by  inspection  that  the  equations  of  lines  1  and  3, 
meeting  the  quadruples  (3',  4',  5',  6')  and(l',  4',  5',  6')  respec- 
tively, are 

1  :  ;r  =  0.  w  =  0 

3  :  y  =  0,  z  =  0. 

The  equations  of  line  4,  since  it  meets  the  lines  5'  and  6',  are 
of  the  form 


A l-X =  0 

a-  ff'  ■/         S 


The  conditions  that  this  line  meet  the  line  1',  written  in 
the  form 

(X         z        -w   \\  /  X         z        w   \   \ 

o!  ■/  «     hy  V    a  y  8     M' 

are  given  by 

X  =  1,    /.  =  1. 
Then  the  line  4  has  the  equations 
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X        y 


4  : 


-  + •  =  0. 

^       y       « 

X        y         z        w 
+ =  0 

-'     /r      y      y 


and  we  see  by  inspection  that  this  line  meets  the  line  3'  when 
we  write  its  equations  in  the  form 

(y         z       «'\1        J     y        '       v>\\ 
~  ^  "*"  7  ~  "8^ /M  ~    \     7  "^  7  "T ^  ~  *** 


Line  5,  since  it  meets  the  lines  4'  and  6',  has  equations  of 
the  form 

z  —  Xw  =  0 


V        t)        \&        y)      ^ 


Meeting  line  3'  (see  form  last  written),  it  is  necessary  to 
identify  the  equations 


--).  +  -* =  0 

f  T  » 

\y  +  — ^, 0 


"FV-w/ 


»\     1  (ryy-v/g) 
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for  which  (i  =  — ( 

and  accordingly 


i'  —  i&l\a  &)         \fi  y] 

Applying  similar  reasoning  to  the  equation 

z—.Xw  =  0 
with  respect  to  the  lines  1'  and  3',  ve  finally  obtain 

y 

s' 

Then  the  equations  of  line  S  are 

ttz  —  -/w  =  0 

(  pOtx  ~  aw)  —  aDiyy  —  ^Z)  =  0. 

Detflrminiag  in  a  precisely  similar  fashion  the  equations  of 
liji;  6,  v.e  find 

hz  —  yw  =  0 

(  ^CX^x  —  a'w)  —  a'Di-/y  ~ffz)  =  0 

It  remains  to  show  that  the  five  lines  1,  3,  4,  5,  6  have  a 
common  tractor  (in  other  words  are  coUinearJ. 

Writing  out  the  various  determinants  (  ij)  and  substituting 
in  the  formula  for  A^,  we  obtain  (after  reduction) 


and  hence  these  five  lides  have  a  common  tractor  (but  are  not 
mutually  intersecting,  since  no  (ij)  =  0). 

Determining  now  the  equations  of  the  line,  called  2",  which 
meets  these  five  lines,  we  find 


I, 


I 
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—  a'p)8SfCx  +  (t*'  —  yS)iKi'  Bw  = 


Hence  we  reach  the  following  conclusion,  wbich  is 
Scblafli's  theorem: — 

Tie  five  lines  determined  from  five  co-tradorial  lines  by 
choosing  the  remaining  tractor  in  each  set  of  four  of  the  latter 
lines,  are  themselves  co-lractorial. 

In  the  above  proof,  the  complete  set  of  lines  was  derived 
from  the  five  co-tractorial  lines  1',  3',  4',  S',  6',  but  it  is  imma- 
terial from  which  Gve  of  the  primed  or  unprimed  lines  we 
start.  Moreover  the  relation  between  the  sets  1',  3',  4',  5',  6' 
and  I,  3,  4,  5,  6  is  a  reversible  one — the  lines  of  one  set  are 
the  tractors  of  the  other  set  by  fours  and  vice  versa. 

§8.     Anharmonic  Jtatios. 

Let  us  next  find  the  co-ordinates  of  the  points  of  intersec- 
tion of  the  lines  2*,  3',  4',  S',  6'  with  the  line  1.  Determining 
these  in  the  usual  way  and  writing  down  also  the  co-ordinates 
of  the  vertex  C  of  the  fundamental  tetrahedron  ABCD,  we 
tabulate  them  as  follows;— 


0      iSiS'Cy'*  -  T*M     yyc-fl"  -  -W^ 


0}lf~K0H 


r/D 


The  anharmonic  ratio  of  the  four  collinear  points  P  ,  P  ,  P 

>»       ly       If 

P   is  identical  with  the  anharmonic  ratio  of  the  four  para,- 
netera 
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Pffiih  -  yV)A 

A 
CalculatinK-  the  value  - 


YfD 


Ptfy~K^        fl         0 

—  X,      \—  K 

1 of  the  anharmonic 


{P  ,P  ,P  ,P  ) 


ratio  of  these  four  parameters  numbered  in  the  order  in  which 
they  are  written,  we  find 

_   ^'^   I  ffCyS -  yS)A~  yj^ff  -  ^'P)D  1 

Let  us  now  determine  the  co-ordinates  of  the  points  of 
intersection  of  the  lines  1,  2,  3,  5,  6  with  the  line  4'.  These 
follow  in  the  table  below: 


p 

0                        1                        0                       0 

p 

*>> 

A                   B                  0                   a 

p 

1        '                0                        0                        0 

p 

<iyD                 )3SC                      0                        0 

«Y-0           ff^c             0                0 

The  anharmonic  ratio  of  the  four  collinear  points  P  ,  P  , 

P  ,P  , 

is  identical  with  the  anharmonic  ratio  of  the  four 

paramet 

TS 

B              file       fe«c 

A                '            ayD              HD 

Calcnlat 

ne-  the  value 1 — of  the  anharmonic 

ratio  of  these  four  parameters  numbered  in  the  order  in  which 
they  are  written,  we  find 


D,c',:...dbvG(>(>gIe 
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iP  ,P  ,P  ,  P  )  = 


\e!h'AC—Jy'BD) 


Recalling  the  fact  that 

A,  B,C,D=  (a'  —  K<i\    (/?  —  Kp),  (y  —Ky),  («'  —  Kh) 
respectively,  it  ts  easily  verified  that 
/yy  j   p{y-h-yV)A-yi^P  -a'^D  1 

AT^  I  /S-ty'*  -  yS)A  -  /(a^  -  o!S)D  \ 

/yffi    f£^AC—a.yBD     \ 


j8«  l/yyvic  — -V5i?( 

Accordingly 

{^P  ,P  ,P  ,P  )=iP  ,  P  ,P  .P  \ 

at         uf         n/         m  ht         »'         so        «> 

or  expressing  this  in  a  briefer  fashion 

Cr,  3',  5',  6'),  =  (2,  3.  5.  6) 

Since  the  configruration  is  a  symmetrical  one,  we  have  the 
general  conclusion 

and  this  theorem  may  be  phrased  as  follows: — 

The  anharmonic  ratio  of  the  points  in  ivhich  any  four  out  of 
five  co-tractorial  lines  cut  the  common  tractor  of  all  five  is  equal 
to  the  anharmonic  ratio  of  the  points  -where  the  fifth  Hue  is 
intersected  by  the  correspondents  of  the  first  four. 


Let  us  designate  the  anharmonic  ratio  of  the  four  planes 
formed  by  the  plane  »','  with  the  lines  (j,  i^,  i^,  i^  by  the  symbol 
('»'  '*'  ')•  '»)*'  ■■  Recalling  next  the  known  theorem  concerning 
the  two  tractors  of  four  lines,  viz.  that  the  four  points  of 
either  tractor  and  the  four  planes  of  the  other  tractor  have 
the  same  anharmonic  ratio,  we  obtain 
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and  have  by  our  last  theorem 

(»'/>  C'  'V'  '«')'  .  —  ('l'  V  ')•  'i)** . 

which  may  be  phrased  as  follows; — 

Tie  anharmonic  ratio  of  the  four  points,  on  one  of  five 
co-tradorial  lines,  which  are  colUnear  with  three  of  the  remain- 
ittg  lines  is  equal  to  the  anharmonic  ratio  of  the  four  planes 
determined  by  these  remaining-  lines  and  their  common  tractor.* 

For  other  interesting:  results  on  the  anharmonic  ratios  con- 
nected with  the  double-six  coafiguration  consult  the  paper  of 
Kasner  jnst  referred  to. 

§9.     five  Co-tradorial  Lines  as  Primitive. 

Given  any  five  co-tractorial  lines,  these  determine  uniquely, 
as  was  shown  in  §  7,  the  double-six  configuration.  Then  if 
we  consider  the  plane  of  tj',  it  will  be  met  by  the  lines  i,  j  in 
points  which  lie  on  the  line  tj.  Since  ^P^  =  15,  the  12  lines 
of  the  double-six  tog^ether  with  the  15  new  lines  make  up  27 
in  all,  the  total  number  upon  the  cubic  surface.!  Then  the 
condition  A,  =  0  (§7,),  which  is  the  condition  that  fire  lines 
be  co-tractorial,  is  likewise  the  condition  that  five  given  lines 
may  lie  in  a  cubic  surface.  The  result  of  Sylvester,  viz.  that 
Aj  =  0  is  the  condition  that  five  given  lines  be  co-tractorial, 
is  found  in  a  paper  on  the  "Involution  of  Six  Lines",t  a  sub- 
ject first  studied  by  him  in  connection  with  a  theorem  in  the 
Lehrbuch  der  Statik,  by  Mobius  (Leipzig). 

If  we  are  given  five  lines,  defined  by  their  six  co-ordinates 

■Eun«t,  Am.  Joomal  Math.  voL  XXV,  No.  •  (IBOS),  p.  114. 

tSrlTester.'.Oomptea  Bendiu,  toL  UI  <1801),  pp.  977-080.  Ot.  alto  S«l> 
mon,  Oeom.  of  Three  IMmenrionB,  4th  edlthui,  pp.  MD-Wl  and  B.  Stnmi, 
FUohen  Dritter  Oidnang,  pp.  S7-S0. 

tOomptM  Bandw,  vcO.  UI  <18B1),  pp.  SlS-817. 
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(a,,  i,,  c,,y,,  ^„  A,,),  .  .  .  (fl,,  Aj,  Cj,_/^,  ^,,  A,),  then  the  condi- 
tion that  these  five  lines  be  co-tractorial  is  also 

I     0 ,  12,  13.  14,'  IS 

21,  0,  23,  24,  25 

31,  32,  0,  34,35 

41,42,43,  0,  45 
{  51,  52,  53,  54,  0 
where  we  set 

«./■  +  <^J,  +  *■£,  +  Ks^  +  <^A  +  t^A  =  12,  Ac.,* 
which  is  also  the  condition  that  these  lines  may  be  in  a  cubic 
surface.f 

The  virtual  identity  of  this  condition  with  that  of  Sylves- 
ter (A,  ^  0  of  §7)  is  on  account  of  the  fact  that  Caylej's 
determinant  of  the  fifth  order  above  written  is  the  square  root 
of  Sylvester's  i^.J 

•Obrlsr,  OoU.  Math.  Pftpen,  vol.  YU  (1867),  pp.  60-98. 
tOayley,  OoU.  Math.  Papers,  vol.  VII  (1870),  p.  178. 
^Sylvester,  C<Hnptea  Bendiu,  vol.  LII  (1661),  p.  816. 
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FOOD  ADULTERATION. 


BY  ALVIN  3.  WHBBLBB 
Amo^Me  Profwornf  abeaJg^ij.Viiiranltj  vl  Sartb  Omiint^ 

Tbe  human  body  is  a  chemical  laboratoty  in  which  fires  are 
kept  up  at  nig-ht  as  well  as  by  day.  In  it  the  most  complicated 
chemical  reactions  are  carried  out,  many  of  which  man  can 
neither  reproduce  nor  understand.  Some  of  the  complex  sub- 
stances can  be  made  by  man  at  very  high  temperatures,  but 
the  body  needs  only  its  own  moderate  temperature.  Here  we 
come  face  to  face  with  one  of  the  wonders  of  nature.  The 
food  which  we  eat  constitutes  the  fuel  which  feeds  the  fires, 
and  if  this  is  not  what  it  purports  to  be,  then  abnormal  sub- 
stances are  produced,  the  machine  is  thrown  out  of  gear — in 
short,  we  are  sick.  The  question  of  pure  food  is  a  vital  one. 
That  we  do  not  always  get  it  is  absolutely  certain.  To  quote 
a  recent  writer:  "In  these  days  of  butter  not  traceable  to  the 
cow,  of  wine  innocent  of  the  grape,  of  beer  estranged  from 
hops  and  malt,  of  cofiee-berries  made  in  a  mold  and  not  grown 
on  a  bush,  of  honey  not  made  in  a  beehive  but  in  a  factory, 
and  a  thousand  and  one  audacious  frauds,  we  consume  one 
hnndred  million  dollars'  worth  of  fraudulently  prepared  food 
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a  year.  Fraud  has  been  officially  detected  in  more  than  three 
thousand  samples  of  food.  From  the  cheapest  and  most  ordin* 
ary  article  of  diet,  such  as  French  sardines  (  caugrht  off  the 
coast  of  Maine)  and  canned  salmon  (with  apolog^ies  to  the 
swordfish)  to  such  costly  delicacies  as  Russian  caviare  (collect- 
ed in  Delaware  Bay)  and  imported  Lucca  oil  (from  the  cotton 
fields  of  Gieorgia),  there  is  imposition."  But  Americans  do 
not  object  to  this  very  seriously,  perhaps  on  account  of  a  trait 
of  character  portrayed  by  Dr.  Wiley  before  the  Franklin  In- 
stitute. He  spoke  as  follows:  "Barnum  made  a  colossal  for- 
tune by  acting"  on  the  principle  that  Americans  liked  to  be 
humbugged.  There  is  something  soothingly  seductive  in  be- 
ing led  to  the  circus  by  lurid  posters  showing  unattainable 
attitudes  of  impossible  monsters.  .This  attractiveness  is  in- 
creased by  the  knowledge  that,  like  the  limited  express,  it  im- 
plies an  extra  charf^e.  Were  the  feats  of  leg'erdemain  of  the 
mystic  Herman  actual  performances  of  supernatural  powers, 
they  would  lose  for  us  half  of  their  charm.  To  be  cheated, 
fooled,  bamboozled,  cajoled,  deceived,  pettifogged,  dema- 
gogued, hypnotized,  manicured  and  chiropodized  are  privileges 
dear  to  us  all.  Woe  be  to  that  paternalism  in  government 
which  shall  attempt  to  deprive  us  of  these  inalienable  rights." 
Notwithstanding  that  food  adulteration  has  caused  a  good 
deal  of  discussion  and  legislation  throughout  our  land,  there 
is  considerable  suspicion  that  it  is  much  ado  about  nothing. 
Sooner  or  later  the  public  will  realize  the  tremendous  extent 
of  the  fraudulent  practices  which  are  in  operation.  Not  only 
is  there  danger  to  the  life  and  health  of  the  consumer,  but 
honest  industry  is  seriously  injured.  For  many  years  a  Pure 
Food  Bill  has  been  before  Congress,  but  so  far  it  has  failed  to 
pass.  Most  of  the  states,  however,  have  laws  which  are  ap- 
plicable within  their  borders.  These  laws  are  based  upon  the 
English  Pood  and  Drug  Act,  which  became  a  law  in  1875. 
Last  November  Secretary  Wilson,  of  the  Department  of  Agri- 
culture, approved  and  proclaimed  the  Official  Food  Standards, 
vhich  bad  just  been  formulated  by  the  United  States  Food 
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Standard  Commission  and  a  committee  of  the  National  Asso- 
ciation of  Pure  Food  Commissions.  It  is  no  simple  matter  to 
say  what  the  standard  of  any  particular  food  shall  be,  and  this 
recent  action  only  partially  covers  the  ground.  The  standards 
consist  of  definitions  and  chemical  limits,  and  embrace  meat 
and  its  products,  milk  and  its  products,  sugar  and  its  related 
substances,  spices,  cocoa  and  cocoa  products.  It  is  hoped  that 
this  work  will  be  completed  within  two  years. 

The  adulteration  of  food  is  not  a  sin  of  modem  times.  In 
London,  eighty-Sve  years  ago,  grocers  sold  tea  made  of  thorn 
leaves,  dried  on  copper  and  colored  with  logwood  and  verdigris. 
Milk  was  largely  made  of  chalk  and  water,  and  sugar  was 
mized  with  sand.  Only  a  few  years  ago  a  member  of  my  fam- 
ily while  in  London  returned  to  a  grocer  some  sugar  which 
only  partly  dissolved  in  water.  The  grocer  appeared  horrified 
and  made  the  exchange  with  remarkable  rapidity.  In  the 
United  States  the  granulated  white  sugar  is  as  pure  as  the 
manufacturer  can  make  it. 

The  demand  for  pure  food  becomes  more  and  more  insistent 
each  year,  as  realization  grows  of  the  far-reaching  extent  of 
adulteration.  A  recent  bulletin  of  the  North  Carolina  Board 
of  health  reveals  how  extensively  food  is  now  adulterated. 
The  report  says  that  29  percent  of  the  vinegar  examined  was 
untrue  to  name;  33  per  cent,  of  the  honey  was  adulterated; 
37.5  per  cent,  of  the  jellies  and  jams,  and  every  single  sample 
of  apple  butter,  catsup,  and  sauces.  As  I  have  already  said, 
most  of  the  States  have  adopted  pure  food  laws,  and  an  im- 
mense amount  of  good  has  been  accomplished  through  them. 
Each  State  has  a  Food  Commission,  which  keeps  a  watchful 
eye  upon  every  variety  of  food  sold  within  the  boundaries  of 
the  State.  Samples  are  bought  in  the  open  market  and  care- 
fully analyzed  by  the  chemist  of  the  Commission.  Where 
adulteration  is  found  the  violator  is  prosecuted,  and  prosecu- 
tions are  usually  successful.  In  Ohio,  during  1901,  there  were 
252  prosecutions.  The  jury  disagreed  in  only  seven  cases 
and    there  were    only  nine  acquittals.       It  is    interesting 
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also  to  note  the  decrease  ia  adnltcration.  In  Massa- 
chusetts in  1883  the  percentage  of  samples  df  adulterated 
nilk  was  83.  This  fell  to  28  in  1900.  The  percentagv  of 
adulterations  of  foods  dropped  from  31  per  cent,  to  14. 

Milk  is  most  liable  to  fraud  of  all  the  different  kinds  of  food, 
because  the  chief  adulterant  is  water,  which  costs  nothing. 
In  Massachusetts  three-^fths  of  the  entire  appropriation  is  de- 
voted to  the  inspection  of  milk  and  its  allied  products,  butter 
and  cheese.  In  the  city  we  are  more  apt  to  be  confronted  with 
bine  milk  than  in  the  country.  The  law  in  most  States  re- 
quires  the  presence  of  twelve  parts  of  solid  matter,  since  the 
natural  product  of  the  cow  does  not  contain  less  than  this, 
though  it  may  contain  much  more.  The  cream  rises  in  a  cow's 
udder  the  same  as  if  in  a  milk-pan.  and,  unless  the  cow  has 
violently  exercised  just  before  milking,  the  first  milk  t&  ieSs 
rich  in  butter  fat,  and  this,  by  some,  is  sold  to  the  conSumef. 
The  last  of  the  milk.called  the  stripping3,is  nearly  pure  cteam. 
The  milkman  is  apt  to  keep  this  for  his  owti  private  bdtter- 
makiog. 

Owing  to  the  fact  that  milk  is  such  a  splendid  medium  for 
the  growth  of  all  kinds  of  bacteria,  which  bring  about  itsde- 
cofflposition,  it  is  an  exceedingly  common  practice  for  the  milk 
dealer  to  add  some  antiseptic,  especially  formaldehyde,  so  that 
it  will  keep  in  liot  weather  and  may  be  transported  long  dis- 
tances. On  account  of  the  physiological  action  of  formalde- 
hyde it  is  a  menace  to  the  health  and  its  use  in  milk  should  be 
condemned.  But  this  form  of  adulteration  is  dangerous  from 
another  standpoint:  it  becomes  a  substitute  for  cleanliness 
and  sanitary  precautions,  which  are  soessential  to  the  healtb- 
fulness  of  milk.  The  requirement  of  cleanliness  is  ai^re- 
ci'ated  by  the  modern  progressive  dairy,  which  is  a  model  of 
purity. 

In  Connecticut  the  collection  of  milk  samples  is  made  by 
agents,  who  are  provided  with  bicycles  carrying  in  the  frame 
a  case  containing  eighteen  cans  of  a  half-pint  capacity  each. 
Th^  coBBtruction  is  such  that  one  can  tAay  be'iVmovM  witll^' 
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out  disturbing  the  others.  Between  four  and  seven  p'cjock  in 
the  morning  the  agent  rides  from  street  to  street  and  bujrg  a 
^nt  of  milk  from  ever;  milkman  whom  he  meets,  without 
'  making  known  the  object  of  his  errand.  He  notes  the  name 
of  the  milkman  or  of  his  dairy  given  on  the  wagon. 

Eggs,  of  course,  cannot  be  adulterated,  but  the;  may  be  of 
varying  quality,  and  now  substitutes  for  them  are  being  man- 
nfactured.  The  reasons  for  this  are  that  eggs  are  high  priced 
io  winter,  while  in  summer  they  deteriorate  too  rapidly.  On 
the  Boston  market  one  has  the  privilege  of  buying  eggs  of 
different  ages— "strictly  fresh  eggs,"  "fresh  eggs,"  and 
"eggs."  An  egg  may  be  preserved  by  evaporating  its  contents 
down  to  the  solid  state.  By  maintaining  a  low  temperature, 
the  water,  which  is  the  largest  constituent,  is  driven  off.  This 
preparation  is  called  La  Mont's  crystallized  eggs.  It  is  an 
important  product,  for  in  one  year  alone  100,000  pounds, 
equivalent  to  4,800,000  eggs,  were  shipped  to  South  African 
miners.  In  New  York  they  are  now  manufacturing  an  egg 
substitute,  called  "ovine."  It  is  said  to  "take  the  place  of 
fresh  eggs  in  baking."  Analysis,  however,  shows  that  it  re* 
sembles  the  white  of  an  egg  in  composition,  and  not  the  whole 
fgg- 

Coffee  offers  a  good  field  for  the  fraudulent  operations  of 
the  manipulator.  The  coffee  berry  is  imitated  not  only  in  the 
green  state,  but  also  in  the  roasted  condition.  There  are  more 
than  six  firms  in  this  country  regularly  engaged  in  the  manu- 
facture of  coffee-bean  making  machinery.  Bogus  berries 
are  ground  out  by  the  ton,  and  they  are  better  looking  than 
those  that  grow  on  the  bush.  A  paste  is  made  of  chicory, 
starch,  pea  meal,  caramel,  and  molasses,  molded  into  the 
proper  shape  and  dried.  The  pure-food  laws  have  had  a  very 
beneficial  influence  upon  coffee  adulteration.  In  one  State  the 
percentage  of  adulterated  samples  fell  in  two  years  from  63  to 
26.  The  adulterants  of  ground  coffee  are  peas,  chicory,  wheat 
rye,  and  bean  hulls.  So-called  coffee  compoundr  are  mixtures 
ej  coffee  with  other  substances,  such  as  cereals.    Sometimes 
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the  packag'es  are  properly  labeled,  and  agfain  the;  are  not. 
Another  indispensable  beverage  is  tea.  The  extent  of  its 
use  is  indicated  by  the  statement  that  in  a  recent  year  ninety- 
four  million  pounds  were  imported  into  the  United  States. 
Tea  is  adulterated  with  soapstone,  gfypsum,  iron  dust,  and 
sand;  also  with  tie  tea,  the  trade  name  of  a  mixture  made  up 
of  tea  dust  and  other  matters  made  into  lumps  with  starch 
paste  and  colored.  Tea  is  also  mixed  with  exhausted  tea 
leaves  and  leaves  of  the  beech,  willow,  elm,  rose,  and  wistaria. 
Finally,  alt  of  the  gresn  tea  and  a  good  deal  of  the  black  tea 
is  faced  or  coated  to  impart  a  gloss  and  an  attractive  color. 
Prussian  blue,  indigo,  and  soapstone  are  used  for  green  teas, 
and  plumbago  or  black  lead  for  black  teas. 

Cocoa  and  chocolate  are  making  remarkable  headway  as 
beverages.  Coffee  and  tea  have  been  objected  to  on  hygienic 
grounds,  and  substitutes  are  being  extensively  used.  Cocoa  is 
more  nourishing  than  any  other  beverage,  and  perhaps  as 
sustaining'.  Cocoa  beans  are  reddish  brown  in  color  and  re- 
semble lima  beans  in  shape  and  size.  They  are  first  roasted, 
a  chemical  change  occuring  which  developes  a  very  desirable 
flavor.  They  are  next  crushed  by  machinery  to  separate  them 
from  the  shells.  The  broken  cotyledons,  free  from  shells,  are 
known  as  cocoa  nibs.  These  are  ground,  and  the  heat  of 
grinding  melts  the  fat  which  makes  up  one-half  of  theii 
weig-bt,  and  the  ground  product  runs  out  as  a  thin  paste.  This 
is  allowed  to  cool  in  molds,  and  constitutes  our  unsweetened 
chocolate.  Cocoa  is  prepared  by  removing  a  part  of  the  fat 
by  pressure  and  reducing  the  residue  to  a  powder.  Cocoa  is 
made  inferior  by  grindiag  the  beans  with  the  shells  on.  It  is 
adulterated  by  adding  extra  shells  as  well  as  wheat  flour,  corn- 
starch, and  sugar,  and  this  is  a  common  practice- 
Beneath  the  beautiful  exterior  of  the  soda  fountain  sit  en- 
throned a  host  of  frauds.  We  complacently  enjoy  the  beauti- 
fully colored  drinks  with  the  idea  that  they  are  made  of  nat- 
ural fruit  juices,  such  as  strawberry,  cherry,  raspberry,  and 
many  more.     Some  dispensers  use  the  real  fruit,  but  very  coni-> 
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monly  the  sjrap  is  made  by  dissolving  granulated  sug^r  in 
water  colored  and  Savored  with  substances  made  in  a  factory 
and,  finally,  in  some  cases,  soap  bark  is  added  in  order  to  pro- 
'  duce  a  fine  foam.  The  variety  of  drinks  is  very  extensive, 
one  wholesale  house  alone  offering  an  assortment  of  three- 
hundred  and  thirty-three  syrups.  The  artificial  extracts  made 
to  imitate  strawberry,  raspberry,  and  certain  other  fruit  juices 
are  especially  obnoxious  and  give  rise  to  indigestion.  Coal- 
tar  dyes  are  used  for  coloring  purposes,  especially  for  the 
brilliantly  colored  drinks  seen  at  State  fairs  and  summer  re- 
sorts. In  Minnesota  recently  it  was  discovered  that  an  alleged 
sweet-apple  cider  came  "  fresh  from  a  cider-press  "  to  which 
the  juice  was  delivered  by  an  underground  pipe. 

The.  most  palatable  and  costly  sugar  is  maple  sugar.  It  is 
an  important  product,  about  five  million  pounds  annually  com- 
ing mostly  from  Vermont,  New  Hampshire  and  Ohio.  The 
great  metropolis  of  the  West  is  also  noted  for  its  prodution. 
A  small  quantity  of  the  pure  article  serves  to  produce  large 
amounts  of  "maple  syrup,"  To  such  an  extreme  is  this 
carried  that  there  is  not  left  even  a  smell  of  the  real  maple. 
Adultertion  is  extraordinarily  extensive,  and  it  has  invaded  the 
maple  woods.  The  reasons  are  succinctly  stated  by  the  Illin- 
ois Food  Commissioner  as  follows:  "First — It  is  so  easy  any 
one  can  do  it.  Second — It  is  profitable.  Third — Adultera- 
tion being  common,  the  manufacturer  is  compelled  to  follow 
suit  in  order  to  compete  in  price.  Fifth — The  production  of 
maple  syrup  is  less  than  the  demand.  Sixth — The  undoubted- 
demand  for  a  syrup  with  a  slight  maple  Savor  at  a  less  price 
than  the  pure  product  commands.  Seventh — The  questiona- 
ble fact  that  certain  varieties  of  maple  (Canada,  North  Minn- 
e8ota)yield  a  syrup  of  stronger  flavor  than  consumers  demand." 
The  adulterants  or  substitutes  for  the  maple  sugar  are  cane 
sugar,  beet  sugar,  glucose,  and  dextrin.  To  produce  the  maple 
flavor  extracts  of  walnuts,  butternuts,  and  corn-cobs  are  used. 
A  pure  fruit  jelly  is  made  entirely  irom  the  fruit  juice  with, 
(he  addition  of  cane  sugar,     The  adulterants  are  numerous 
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The  jellying-  quality  may  be  imparted  by  starch  paste,  gelatin, 
or  agar-agar,  a  g-elatinous  material  obtained  from  sea-weed. 
These,  of  course,  have  no  taste,  but  by  adding  a  coloring  mat- 
ter and  some  flavoring  extract  we  have  at  once  currant  jelly, 
grape  jelly,  or  any  kind  whatsoever.  Glucose  is  much  used 
for  sweetening  purposes,  although  it  is  less  sweet  than  cane 
sugar,  the  ratio  of  sweetness  being  about  three  to  five.  In  one 
year  the  Connecticut  station  found  twenty  pure  jellies  and 
forty-three  adulterated,  the  first  being  home  products,  while 
the  adulterated  were  factory  products.  Jams  also  are  not 
always  what  they  seem  to  be.  A  sample  of  strawberry  jam 
recently  analyzed  in  Nebraska  was  found  to  consist  mostly  of 
pumpkin,  tinted  with  coal-tar  dyes,  preserved  in  benzoin,  with 
grass  seed  thrown  in  to  make  the  jam  look  like  the  real  thing. 

Honey  in  the  comb  probably  cannot  be  adulterated  except 
by  the  bee  itself,  which  seems  to  have  a  monopoly  on  capping 
the  cells.  That  the  inventive  American  has  made  many  at- 
tempts to  produce  a  machine  which  would  do  this  work  there 
can  be  no  doubt.  Strained  honey  is  readily  adulterated,  glu- 
cose being  the  usual  adulterant.  Sometimes  only  sufficient 
real  honey  is  added  to  impart  a  slight  honey  flavor.  A  glass 
jar  of  glucose  with  pieces  of  honeycomb  floating  in  the  liquid 
makes  a  beautiful  deception  and  a  very  profitable  one. 

Spices  afford  a  very  attractive  field  for  the  sophisticator. 
Allspice  has  been  found  in  some  cases  to  contain  as  much  as 
85  per  cent,  wheat  and  nut  shells.  Cayenne  is  adulterated 
with  corn,  wheat,  ginger,  and  a  red  aniline  dye.  Cloves  may 
contain  wheat,  sawdust,  charcoal,  and  factory  sweepings. 
Ginger  is  adulterated  with  wheat,  rice,  and  pepper.  Mustard 
is  liable  to  contain  mustard  hulls,  corn,  wheat,  and  rice  some- 
times to  the  extent  of  90  per  cent.  Pepper  is  adulterated  with 
wheat,  ginger,  pepper  shells,  olive  stones,  and  buckwheat. 

The  labeling  of  food  products  is  a  matter  of  considerable 
importance,  because  it  is  from  the  label  that  we  usually  get 
onr  ideas  of  the  character  of  the  goods.  Labels  are  wholly 
deceptive.    Such  words  as  ''high  quality,"  "high  grade,"  "ex- 
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celJent  quality,"  "pure,"  and  "unadulterated,"  are  often  found 
attached  to  articles  of  the  most  worthless  character.  Various 
devices  are  employed  to  lead  the  unwary  astray.  Here  is  a 
label: 

LEUOH   BXTBACT 

Alcohol,  415.  Aqua,  450.  Oil  Lemon,  15.* 

The  resort  to  the  Latin  word  is  a  fraud  of  low  order.  The 
extract  actually  contained  more  water,  less  alcohol,  and  no  oil 
of  lemon  whatever.  On  a  box  of  powdered  borax  put  out  by 
a  New  York  bouse  was  found  the  following  caution:  "Avoid 
the  many  spurious  imitations  of  our  borax  with  which  the 
market  is  flooded,  and  which  can  only  do  harm  to  those  who 
use  them.  See  that  our  trade  mark  is  on  every  packagfe." 
The  chemical  examination  of  this  borax  showed  that  every 
package  was  seriously  adulterated  with  bicarbonate  of   soda. 

Again  on  a  package  of  coffee,  the  statement  "Made  of  pure 
coffee  and  cereals"  is  placed  perpendicularly,  and  the  instruc- 
tion to  "Open  this  end"  placed  at  the  opposite  end. 

The  food  laboratory  in  the  Bureau  of  Chemistry,  United 
States  Department  of  Agriculture,  is  now  engaged  in  investi- 
gations of  the  highest  importance.  Under  Dr.  Wiley  a  squad 
of  men  take  their  meals  at  the  Bureau's  laboratory,  the  food 
being  doctored  with  borax,  salicylic  acid,  and  other  substances 
which  are  said  to  be  deleterious  to  health.  The  experiments 
are  extremely  interesting,  and  the  results  promise  to  be  im- 
portant. 

In  conclusion  it  may  be  said  that  all  adulterations  are  not 
harmful;  in  fact,  many  are  actually  wholesome.  A  watchful 
eye  is  required  to  detect  the  serious  abuses,  which  are  all  too 
common,  and  it  is  necessary  to  distinguish  between  the  harm- 
less and  harmful  frauds.  The  press  is  prone  to  exaggeration 
—  a  practice  vividly  portrayed  by  Bob  Burdette  in  the  fol- 
lowing poem,  entitled  "A  Victim  of  Delusion:" 

Placid  I  am,  content,  serene; 
I  take  my  slab  of  gjrpsum  bread, 
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And  chunks  of  oleomargarine 
Upon  its  tasteless  sides  I  spread, 

The  egg  I  eat  was  never  laid 

By  an;  cackling  feathered  hen; 
But  from  the  Lord  knows  what  'tis  made 

In  Newark  by  unfeathered  men. 

I  wash  my  simple  breakfast  down 

With  fragrant  chicory  so  cheap; 
Or  with  the  best  black  tea  in  town — 

Dried  willow-leaves — I  calmly  sleep. 

But  if  from  man's  vile  arts  I  flee. 

And  drink  pure  water  from  the  pump, 
I  gulp  down  infusorise 
And  hideous  rotatoria^ 
And  wriggling  polygastricae 
And  slimy  diatomacese 
And  hard-shelled  orphrjrocercinse 
And  double-barrelled  kolpodae 
Nou-loricated  ambroeilae 
And  various  animalculse 
Of  middle,  high  and  low  degree; 
For  nature  just  beats  all  creation 
In  multiplied  adulteration. 

or  th»  Oatlook  Oompsn;.  J 
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NOTES    OK    THE    SCUTELLATION    OF    THE    RED 

KING  SNAKE,  OPHIBOLUS  DOLIATUS 

COCCINEUS,  SCHLEGEL. 

c.  s.  BBununr. 


"Body  color  scarlet,  completely  encircled  by  pairs  of  black 
rings,  with  interspaced  white  in  the  young:,  yellow  in  the 
adults:  no  lateral  spots,  top  of  head  red,  with  the  first  black 
ring  crossing  the  parietals.  The  pattern  is  formed  by  the 
obliteration  of  the  lateral  portion  of  the  black  borders  of  dor- 
sal spots,  and  the  extension  of  their  transverse  portion  entirely 
around  the  body.  The  lateral  spots  have  disappeared"  (From 
"A  Review  of  the  Genera  and  species  of  North  American 
Snakes,  North  of  Menico,'*  by  A.  E.  Brown,  Proc.  Acad.  Nat. 
Sci,  Phila,  Jan.  1901).  According  to  Brown  the  normal  scut- 
ellatton  would  seem  to  be  21  rows  of  scales,  loreal  present,  one 
temporal  in  the  first  row,  the  rows  of  scales  occasionally  vary- 
ing to  19,  and  the  loreal  sometimes  absent,  this  extreme  form 
being  the  Osceola  elapsoidea  B.  and  G. 

Cope  treats  the  two  forms  as  a  distinct  species,  and  gives 
the  scutellation  as  loreal  present,  two  temporals  in  first  row, 
and  rows  of  scales  21  for  cocctneus,  and  loreal  absent,  one 
temporal  in  first  row,  row  of  scales  17  or  19  for  elapsoidea. 
(Crocodilians,  Lizards  and  Snakes  of  North  America,  byE.D. 
Cope,  Report  of  U   S.  Nat.  Museum,  1898. ) 

My  experience  is  that  the  normal  formula  is,  scales  in  19 
rows,  occasionally  17  or  21,  one  temporal  in  first  row,  occa- 
sionally two,  and  loreal  usually  present,  but  sometimes  absent 
on  one  or  both  sides. 

The  specimens  that  I  have  examined  with  reference  to  some 
or  all  of  these  points  are 

IMff]  US 
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A.     Specimens  from  Bay  St,  Louis,  Miss., 
No.     Leagrth.       Loreals       Temporals       Scales     Ezamioed 


1 

.21  inches 

2 

-21      " 

3. 

.   8       " 

4 

.10       " 

5. 

.15      " 

6. 

.12      " 

8.240  mm 

19 


..2-1. 
.2-?.. 


.19  ..     •■     JS 

alcoholic  3607 
.19         "        3654 
3055 
.19  "        3058 

.19  "        3045 

.19  ••        305J 

.19         "        3056 


.19 


3044 


B.    Specimens  from  Raleigh,  N.  C. 


13.. 

.  ..1-. 

19.. 

...0-0 

20.180  mm 

...  1-1 

21.150    " 

. . . 1-? 

22.450    " 

...0-? 

23.240   " 

...0-0 

.1-1 19    .   Apl.26,'01 

.2-2 21  alcoholic  3059 

May  lOTO 

19  alcoholic  5524 

..l-l 19        "        5523 

..2-1 21         "        3682 

..0-0 19         "        3683 


C.     Specimens  from  Florida. 

18  from  Orlando. 0-0 1-1. 

17  fromTarponSp  1-1 1-1 . 


NOTES  ON  TUB  ABOVB  SPBCIHBNS, 


No.  2  has  the  nuchal  yellow  collar  divided  in  tlM  c 
a  longitudinal  bar  of  black. 
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10  bas  both  red  and  and  white  ringv  more  or  less  intempted 
00  the  bell;  by  black. 

13  has  the  adjacent  black  rin^  uniting;  on  the  belly,  en- 
closing; the  red  dorsal  spots. 

20  has  the  white  ring^s  mainly  interrupted  more  or  less  on 
the  belly  by  black  blotches,  while  the  red  rings  are  uninter- 
rapt«d. 

21  is  typical  coccineus,  in  color,  but  has  the  loreal  reduced 
on  one  side  to  a  small  triangular  plate  at  the  junction  of  the 
prefontal,  nasal,  and  1st  and  2nd  npper  labials. 

22  is  neariy  typical  cocineus,  but  has  black  spots  on  the  belly 
opposite  the  white  rings.  Several  of  the  bead  plates  peculiar. 
The  loreal  is  absent  on  one  side  and  represented  on  the 
other  by  a  triangular  plate  cut  off  front  of  prefontal  and  ex- 
tending to  the  labials. 

23  has  red  spots  closed  by  a  partially  divided  black  tract  on 
middle  line  of  belly.  Black  spots  on  belly  opposite  the  white 
rings  are  present  on  latter  half  of  belly  only.  Sixth  upper  la- 
cial  on  each  side  reaches  to  the  partetals  and  suppresses  the 
temporals. 

SuHHARY.  The  Mississippi  specimens  all  have  19  rows  of 
scales,  except  two  not  examined  for  that  point,  twelve  of  them 
have  the  loreal  present  on  twth  sides  of  the  head,  and  two  of 
them  have  it  absent  on  both  sides:  eleven  have  one  temporal 
in  the  front  row  on  both  sides,  one  has  two  temporals  on  both 
sides,  one  has  one  temporal  on  one  side  and  two  on  the  other, 
and  the  last  has  two  temporals  on  one  side  and  the  scutella- 
tion  could  not  be  made  out  on  the  other. 

Of  the  Raleigh  specimens  four  have  19  rows  of  scales. 
and  two  have  21,  while  a  seventh  was  not  examined  for  that 
point.  Two  have  a  loreal  on  both  sides,  three  have  the  loreal 
absent  on  both  sides,  while  of  the  remaining  two,  one  has 
loreal  present  on  one  side  and  represented  by  an  abnormal 
plate  on  the  other,  and  the  other  has  loreal  absent  on  one 
side  and  represented  by  an  abnormal  plate  on  the  other.  As 
to  the  temporals  two  specimens  have  one  in  first  row  on  each  side 
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and  two  more  have  two  on  each  side,  a  fifth  has  two  on  one 
side  and  one  on  the  other,  while  the  sixth  has  the  temporals 
completely  absent.  The  seventh  was  not  examined  on  that 
point. 

The  obvious  conclusions  are  that  the  nonnal  scutellation  is 
19  rows  of  scales,  loreal  present,  and  one  temporal  present  in 
the  first  row.  The  most  curious  feature  is  the  larg:e  percen- 
ag:e  of  Releigh  specimens  with  the  loreal  absent  or  abnormal 
on  one  or  both  sides,  a  feature  we  would  naturally  expect  in 
the  more  southern  specimens  rather  than  in  the  northernmost 
of  those  examined. 
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NOTES  ON  THE  FOOD  AND  FEEDING  HABITS 

OF  SOME  AMERICAN 

REPTILES. 

C.  S.  BEIMIXT. 


The  followingf  notes  are  from  personal  observations  made, 
during  tbe  past  ten  or  twelve  years  on  varioas  reptiles,  both 
wild  and  in  captivity. 

Taking  tfae  snakes  first,  their  method  of  swallowing  their 
prey  deserves  attention,  and  to  understand  this  it  must  be  re- 
membered that  both  the  upper  and  lower  jaws  and  the  teetb- 
bearing  bones  of  the  palate  are  united  by  ligaments  only,  thus 
rendering  the  mouth  capable  of  very  great  dilation.  Further- 
more,any  ordinary  harmless  snake  has  four  rows  of  sharp  back- 
wards pointing  teeth  in  the  upper  jaw  and  two  rows  in  the 
lower. 

Now,  when  a  colubrine  snake, a  Spreading  Adder  {Heterodon 
filaiyrAinus)  for  instance,  seizes  its  prey,  in  this  species  always 
a  toad,  it  at  once  commences,  so  soon  as  tt  has  a  good  hold,  to 
work  one  side  of  the  jaws  forward  over  the  animal  with  a  chew- 
ing motion  ;then  when  it  has  worked  that  side  as  far  as  possible 
it  takes  a  firm  hold  with  that  side  and  works  the  other  aide  for- 
ward over  the  anima!  alternately  until  it  is  well  within  the 
moiith,  when  it  is  pushed  down  into  the  stomach  by  the  muscu- 
lar contraction  of  the  body;  the  snake  in  fact  literally  glides 
over  its  prey,after  it  is  once  safely  inside,often  pushing  it  down 
by  crawling  forward  with  its  side  pressed  against  some  hard 
object. 

In  the  case  of  Coluber  obsoletus  or  any  other  of  the  chicken 
snakes  swallowing  a  hen's  egg,  an  apparently  impossible  feat 
when  one  sees  the  snake  and  egg  side  by  side,  the  modus  ope- 

toot{  IM 
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randi  is  exactly  the  same,  except  that  the  snake  has  to  get  the 
egg  in  a  position  where  he  can  push  his  mouth  over  it  without 
it  rolling  away,  in  the  corner  of  a  box  for  instance.  The  egg  so 
far  as  I  can  make  out  passes  into  the  snake's  stomach  whole  and 
unbroken  and  the  shell  being  dissolved  by  the  digestive  fluids, 
its  contents  are  released  and  digested. 

Those  harmless  snakes  which  have  but  little  constrtctiug 
power,  such  as  the  various  species  of  Water  Snake,  the  Garter 
Snakes,  Green  Snake,  and  Spreading  Adder.simply  catch  their 
prey  and  swallow  it  alive  and  whole  without  further  dallying. 
The  Snakes  of  the  genera  Ophibolus(Lampropelti5,)  Pityo- 
phis,  Coluber  (Callopeltis,)  Bascanion  and  Spilotes,  commonly 
known  as  King  Snakes,  Bull  Snakes,  Chicken  Snakes,  Black 
Snakes,  Coachwhips,  and  Gopher  Snakes  have  however  very 
considerable  constricting  power  as  may  be  easily  prnved  by  al- 
lowing a  good  sized  specimen  of  any  of  these  genera  to  coil  it- 
self round  ones  wrist,  but  to  what  extent  they  habitually  kill 
their  piey  by  this  means  I  do  not  know.  The  common  black 
King  Snake  with  white  rings  whose  food  consists  of  rats,  mice 
and  other  snakes  kills  the  latter  in  its  coils  before  swallowing 
them,  but  how  it  treats  the  former  I  do  not  know.  On  one  oc- 
casion I  had  placed  a  King  Snake,  possibly  some  18  inches  or  2 
feet  long  in  a  box  with  a  number  of  otfaiT  snakes  all  consider- 
ably larger  than  itself,  almost  immediately  it  glided  up  to  a 
large  Black  Snake  and  seizing  it  by  the  head  wrapped  itself  in 
a  tight  spiral  coil  round  the  forepart  of  the  lalter's  body.  The 
Black  snake  however  thrashed  about  so  violi-ntly  that  the  King 
had  to  let  go,and  when  the  latter  again  attempted  to  seize  him 
the  Black  Snake  struck  him  on  the  head  which  cooled  off  his 
ardor  and  there  was  no  further  trouble  between  them.  On  an- 
other occasiou  I  placed  a  large  King  Snake  in  a  box  with  a 
smaller  Black  Snake,  and  the  former  seized  the  latter  by  the 
head  and  crushed  the  life  out  of  him  in  his  coils,  but  releasing 
the  Black  Snake's  body  little  by  little  as  he  swallowed  it. 
I  once  saw  a  Chicken  Snake,I  think  it  was  the  striped  southern 
spui-ies  Coluber  guadrivittatus,  kill    a   young  Qedgling  bird 
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which  I  had  placed  in  the  same  box  with  it  cruBhin^  it  to 
death  in  a  U-shaped  fold  of  the  snake's  body.  These  snakes 
all  swallow  their  food  in  precisely  the  same  way  as  the  Spread* 
ing  Adder,  which  is  the  usual  method  with  snakes.  The  con- 
stricting power  of  the  genera  Opbibolus  and  Coluber  is  mack 
greater,  than  those  of  the  genus  Bascanton  (Black  Snakes  and 
Coachwbips). 

Of  the  amount  of  food  consumed  by  snakt^slbave  four  rec 
.ords.  The  first  is  that  of  a  poisonous  snake,  a  Copperhead 
{Ancistroden  contortrix)  an  average  siied  adult,  which  grew 
fat  and  improved  greatly  on  the  following  diet:  1897,' Aug  7, 
small  bird;  Aug  12,  ditto;  Aug  19,  ditto;  Aug  25,  ditto;  Aug 
30, 1  mouse,  Sep  10,  14,  and  19,  one  small  Cotton  Rat  on  each 
date.  In  44  days  it  ate  nine  times,  never  eating  more  than 
one  small  bird  or  acimal  on  any  one  day,  though  more  than 
that  number  were  sometimes  offered  it.  All  the  specimens 
were  dead.  The  snake  improved  in  girth  and  color  and  some 
chafed  places  on  its  neck  entirely  disappeared. 

The  second  record  is  that  of  a  33  inch  Rat  Snake  or  Spot- 
ted Racer  {Coluber giittatus)  which  did  well  on  the  following 
rations: — 1897,  July  29,  one  bat;  Aug.  7,  one  small  bird;  Aug. 
10,  12,  17,  and  19,  one  bat  on  each  date;  Aug.  23,  one  small 
bird;  Aug.  30,  one  bat;  Sep.  14,  one  mouse;  Sep.  20,  one  shrew 
In  54  days  it  ale  ten  times,  in  31  days  it  ate  seven  times. 

The  third  and  fourth  records  are  of  the  Spreading  Adders, 
one  of  which  ate  ten  to.^d3  from  Aug  6  to  Sep  11,  1897  (ten 
toads  in  86  days,)  and  another  twelve  toads  from  Ang  6  to 
Sep  9,  1897  (twelve  toads  in  34  days). 

The  food  of  the  various  species  of  snake  that  have  come 
under  my  notice  is  as  follows,  so  far  as  my  observations  go, — 

Spreading  AAAetiHeterodon Plalyrhinus):  toads  (Bufo)only. 

Water  Snake  (Natrix  sipedon):    fish,  toads. 

Garter  Snakes  (Sutaenia  sirtalh)'.   toads. 

Ribbon  Snake  (Eutaenia  saurita):  small  frogs,  small  salj^ 
manders. 

Chicken  Snakes  {Coluber  obsoletus,   C.  o.,  confinis,  C.  «., 
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lindkeimeri,  C.  quadrivittatus):  rats,  mice,  small  birds  up  to 
size  of  quail,  youog'  birds,  bird's  eggs,  hen's  eggs. 

The  Bull  Snakes  ( Pityophis  sayi  and  P.  melanoleucus)  same 
food  as  the  Colubers- 
Spotted  Racer  {Coluber  guttatus)  has  oot  been  observed  to 
eat  hen's  eggs,  but  otherwise  its  food  seems  to  be  much  the 
same  as  the  other  Colubers,  although  I  think  it  showsa  mYich 
greater  preference  for  rats  and  mice:  and  the  same  remarks 
apply  so  far  as  my  experience  goes,  also  to  the  Black  Snake 
i^Bascanian  constrictor)  and  the  Coachwhip  {Bascanian 
fila^ellum). 

King  Snake  {Oj>hibolus  getulus):  rats,  mice  and  other 
snakes. 

Brown  King  Snake  {Ophibolus  rkomboamaculatus):  rats, 
mice  and  lizards. 

Red  King  Snake  {Ophibohis  coccineus):  lizards,  (Eume- 
ces  and  Liolepisma). 

Green  Snake  {Cyclophis  aestivus):  large  insects  such  as  lar- 
val katydids  and  the  caterpillars  of  the  Silver-spotted  Skip- 
per. 

Brown  Snake  {Haldea  striatula):    earthworms. 

With  regard  to  the  food  of  lizards,  I  cannot  say  mnch. 
The  smaller  species  however  eat  insects  of  various  kinds,  the 
common  rusty  Fence  Lizard  (Scehporus  undulattts),  and  the 
Green  Lizard  iAnolis  principalis^^  commonly  though  erro- 
neously known  as  "Chameleon,"  having  been  observed  in  con- 
finement to  eat  house  flies,  young  grasshoppers,  and  small 
butterflies,  while  the  Bluetailed  Lizard  {Bumeces /asciatus) 
commonly  known  as  "Scorpion"  in  the  South,  has  been  ob- 
served to  eat  house  flies,  butterflies,  small  caraliid  beetles, 
earthworms,  cockroaches  and  large,  smooth  caterpillars,  but 
bright  colored  butterflies  were  not  liked.  The  so-called  Glass 
or  Joint  Snake  (Ophisaurus  ventralis)  has  been  observed  to  eat 
Katydids,  large  Bird  Grasshopper  {ScHistocera  americanum) 
and  large  butterflies  such  as  the  swallowtails.  The  other 
legless  lizard  of  the  eastern  United  States,  the  curious  Flor- 
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ida  BUniwoTta  (ffAineura Jloridana)  which  superficially  looks 
more  like  an  earthworm  than  a  lizard,  apparently  eats  earth- 
worms, as  in  1900  I  kept  some  for  several  months  and  used  to 
put  earthworms  in  the  twx  of  earth  in  which  they  were  kept, 
and  the  said  worms  uniformly  disappeared  without  leaviaj^ 
any  trace  behind. 

Only  one  other  lizard  has  come  under  my  notice  in  captiv- 
ity.viz.:  the  big  Gila  Moasteri  JIe/odemasuspecium)ol  Arizona 
and  this  in  captivity  seems  to  confine  itself  mainly,  if  not 
entirely  to  hens'  eggs,-  which  when  broken  on  a  plate  are 
lapped  up  by  its  broad  fleshy  tongue.  My  notes  on  this 
species  are  as  follows: — 1898,  July  9,  one  large  one  received, 
drank  water;  July  11,  ate  3  eggs;  July  12,  ate  two;  ate  noth- 
ing from  July  13,  when  he  ate  one  egg,  till  July  22,  when  he 
ate  another,  not  in  the  meanwhile  eating  eggs  when  oSfered 
to  him.  From  July  23  to  Oct  25  he  ate  25  eggs,  eating  one 
every  three  or  four  days  and  fattened  on  the  diet.  1899, 
three  Heloderma  received  May  2,  sent  off  May  9,  ate  17  eggs 
in  8  days.  1899,  three  more  received  May  23,  sent  off  May 
30,  ate  21  eggs  in  8  days. 

The  Testudinata,  of  which  the  different  spectes  are  indis- 
criminately known  as  turtles,  tortoises,  and  terrapines  the  last 
name  being  in  the  South  applied  to  nearly  all  species  except 
the  Snapping  Turtle,  comprise  both  omnivorous,  carnivor- 
ous, and  herbivorous  spectes. 

The  Gopher  of  Florida  {Xerobales  polokemus)  is  a  good  ex- 
ample of  the  first  group,  feeding  only  on  succulent  plants  of 
various  kinds,  those  I  bad  showing  most  partiality  to  nut- 
grass,  although  they  would  also  eat  corn  leaves,  zinnia  leaves 
and  stems,  sowthistles(Sonchu3)  and  also  apple  peel  and  pieces 
of  apple.  Several  of  the  aquatic  species  are  also  mainly  her- 
bivorous, especially  the  Painted  Turtle,  Chrysemys  picta^ 
which  in  1900  ate  greedily  of  cabbage  leave3,altbough  thej 
also  have  been  observed  to  eat  raw  flesh,  chicken  offal,  corn 
bread,  pieces  of  watermelon  and  canteloupe.  They  usually 
drag  their  food  into  the  water  and  eat  it  with  the  head  under 
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water.  On  Jaly  16,  1900,  however,  I  saw  ooe  cattog  a  piece  of 
canteloupe  on  land  without  taking  it  into  the  water.  Pseud- 
tmys  condnna,  the  large  Bmooth  terrapin  ofour  rivers,  is  alio 
apparently  berbiTorons,  at  least  I  have  never  detected  one  in 
the  act  of  eating-  fiesh.  Our  other  species  of  Pseudemja,  how- 
ever, the  Rough  Terrapin  {Pseudemys  scripta)  is  an  omnivorous 
feeder  eating  raw  flesh,  ripe  fruit,  and  the  leaves  of  succulent 
plants.  Like  the  two  preceding  it  eats  its  food,  mainly  at  least, 
under  water.  The  terrapins  of  the  genus  Chelopus  seem  to 
be  more  omnivorous  than  Chryaemys  or  rather  to  show  a  less 
decided  preference  for  vegetable  food.  The  Speckled  Terra- 
{litt  [Ckelopus  gutiutus)  has  been  observed  to  eat  apple,  pieces 
of  watermelon,  sonchus  leaves,  dead  snakes,  fish  scraps,  etc, 
usually  taking  its  food  into  the  water  to  eat  it;  the  other  two 
species  of  the  genus,  however,  iChelopus  intculptus  and  C 
muhlenbergii)  seem  tc  eat  their  food  mainly  on  land,  but  are 
however  more  terrestrial  than  C.  guttatus  which  is  in  its  turn 
less  aquatic  than  Chrysemys  picta. 

The  Box  Tortoises  or  Highland  Terrapins  of  the  genus 
/;■'  Terrapene(Cistudo)  which  are  terrestrial  and  not  aquatic  have 
been  seen  to  eat  raw  fiesta,  dead  birds,  ripe  and  unripe  fruit 
such  as  apple,  tomato,  watermelon,  canteloupe,  plum  and 
persimmons  and  also  occasionally  the  leaves  of  succulent 
plants.  June  bugs  are  also  eaten  during  the  period  of  their 
,  abundance.  Their  usual  method  of  eating  is  to  stretch  the 
head  forward  towards  their  foud,seize  &  piece  in  the  jaws,and 
then  jerk  or  pull  the  head  backward  so  as  to  tear  or  cut  the 
piece  away,  the  forefeet  being  usually  braced  against  the  food 
or  placed  on  it,  while  the  portion  to  be  swallowed  is  torn 
away.  The  morsel  of  food  is  then  crushed  sufficiently  by  the 
masticating  surfaces  of  the  jaws  (turtles  have  no  teeth)  and 
swallowed.  There  is  no  difference  so  far  as  I  have  been  able 
to  observe  in  the  food  of  the  different  species  of  Terrapene, 
•nd  I  have  had  opportunities  for  observing  T.  carvlma,  T. 
majoTy  T.  iriunguis,  T.  ontato,  and  T.  battrt. 
The  tJiui  TtiTtlt  (Kinostfmen  penn^ivantcufn)  is  apparently 
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like  the  rest  of  its  family  carnivorous,  never  having  been 
observed  by  me  to  eat  vegetable  food.  This  species  and  the 
others  of  the  same  genus  are  the  only  turtles  that  cannot  sup- 
port themselves  in  deep  #ater  without  something  to  rest  on, 
and  if  one  is  placed  in  a  tub  of  water  where  it  cannot  support 
itself  on  something  so  as  to  get  its  head  out  of  the  water,  will 
soon  become  exhausted  from  its  struggles  to  reach  the  surface 
and  drown.  All  our  other  genera  of  turtles  both  aquatic  -  and 
terrestrial,  including  the  nearly  related  Aromochelys  which 
by  the  way  is  thoroughly  aquatic,  float  without  any  difficulty 
whatever. 

Of  our  other  species  of  Testudinata  I  have  no  observations  to 
record  except  that  a  Snapping  Turtle  in  the  posession  of  the 
State  Museum  used  to  eat  live  toads,  dragging  them  under 
water  to  swallow  them. 
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The  forest  wealth  of  North  Carolina  and  Tennessee  makes 
the  establishment  of  a  Southern  Appalachian  Forest  Reserve 
of  very  great  interest  to  these  States;  but  as  these  forests 
affect  industries  throughout  all  of  the  Southern  States,  and 
thus  affect  the  industries  of  the  entire  country,  the  estal>- 
lishment  of  this  Forest  Reserve  is  a  matter  also  of  national 
interest  and  concern.  One  hundred  years  ago  there  was  lit- 
tle or  no  attention  given  in  this  country  to  the  method  or 
means  by  which  its  forests  were  cut  away;  that  is,  whether 
they  were  cut  for  lumber  or  ruthlessly  destroyed  in  the  clear- 
ing of  land  for  agricultural  purposes.  There  was  no  thought 
paid  to  the  prevention  of  forest  fires  because  they  were  harm- 
ful to  the  forests  themselves;  and  no  thought  whatever  was 
given  to  the  influence  that  forests  exert  on  the  flow  of 
streams  and  rivers.  At  that  time  there  seemed  to  be  a  super- 
abundance of  lumber  for  all  purposes,  the  wasteful  destruc- 
tion of  which  could  not  then  be  felt.  Forest  fires  were  not 
considered  as  doing  any  particular  harm  as  long  as  they  did 
not  come  too  near  the  habitations  of  men.  The  streams  and 
rivers  always  contained  plenty  of  water  and  for  a  quarter  of 
a  century  not  enough  land  was  cleared  of  their  forests  to 
demonstrate  the  effect  their  removal  had  upon  the  water  sup- 
ply. 

At  the  beginning  of  the  20tb  century,  however,  there  has 
been  a  decided  change  in  the  views  and  ideas  regarding  the 
value  to  a  country  of  its  forest  resources.     Thus,  our  leading 
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statesmen  and  our  citizens  realize  and  appreciate  not  only  the 
commercial  value  of  the  perpetuation  of  our  forests,  but  also 
the  vast  influence  that  these  forests  exert  in  the  preservation 
of  the  water  supply  of  the  country.  Perhaps  their  most 
noticeable  influence  is  in  mountainous  and  hilly  countries, 
which,  when  covered  with  abundant  forests;  prevent  the  soil 
from  being  washed  away  and  by  the  decay  of  their  leaves 
form  a  loam  which  prevents  the  waters  from  running  off  the 
surface  too  rapidly.  It  is  these  forest-covered  mountains  that 
are  extremely  valuable  because  of  the  effect  they  have  upon 
water  supply  and  water  powers. 

By  the  removal  of  the  forests  there  is  no  longer  a  protec- 
tion for  the  soil  on  the  slopes  of  the  mountains  and  hills 
except  that  produced  artificially  in  the  form  of  ditches,  etc. 
There  is  no  longer  a  layer  or  bed  of  leaves  to  act  as  an 
absorbent  for  the  water  and  a  preventive  to  its  evaporation 
and  it  runs  off  for  the  most  part  as  fast  as  it  falls,  causing 
high  freshets  and  floods  and  periods  of  extreme  low  water; 
causing  the  streams  and  rivers  to  be  higher  at  times  of  floods 
but  very  much  lower  the  greater  part  of  the  time  than  they 
were  before  the  removal  of  these  forests.  This  is  well  illus- 
trated at  the  present  time  in  many  parts  of  eastern  United 
States  where  many  of  the  rivers  are  not  navigable  to  the 
extent  that  they  formerly  were  and  many  of  them  are  a  con- 
stant expense  to  the  government  in  keeping  them  open  to 
navigation  due  to  low  water.  While  a  greatdeal  of  harm  has 
already  been  done  in  this  way,  a  still  greater  harm  will  \» 
done  if  the  remaining  forests  are  not  protected.  It  is  not 
only  the  navigation  of  the  streams  and  rivers  that  is  hurt  by 
the  removal  of  the  forests  but  also  the  water  supply  for  our 
cities  and  towns.  Many  of  our  largest  cities  are  already 
beginning  to  find  some  difficulty  in  storing  a  sufficient  supply 
of  water  for  their  use. 

This  preservation  of  the  forests  means  also  the  mainte- 
nance of  the  water  powers,  which,  if  reduced  or  destroyed, 
will  seriously  injure  many  of  our  manufacturing  interests. 


idbyGoOglC 


1S8*  JOUKITAL  OF  THE  HiTCHBLL  SOCIBTT.  [DeC 

Tbew  defects  in  the  watersupply  are  aot  dne  to  the  latk  of 
rain  but  to  the  removal  of  the  natural  agencies  that  nature 
has  provided  for  the  storing*  of  this  water  which  has  restilted 
from  the  removal  of  the  forests.  Again,  these  defects  are  not 
due  to  any  considerable  extent  to  the  clearing  of  land  for 
farming  purposes  for  the  farmer  must  of  necessity  protect  the 
soil  from  l>eing  washed  away  and  the  only  loss  to  the  water 
supply  that  he  w6uLd  cause  would  be  the  greater  evaporation 
to  which  it  would  be  exposed.  They  are,  however,  due  to 
the  wasteful  and  destructive  removal  of  th^  forests  by  the 
lumber  companies  who  leave  large  tracts  of  land  stript  in 
some  cases  of  every  vestige  of  a  tree. 

The  present  method  of  cutting  timber  and  the  subsequent 
forest  fires  is  causing  a  scarcity  of  lumber,  especially  of  the 
hard  woods,  and  there  are  now  but  few  sections  in  this  coun- 
try where  virgin  forests  of  this  character  are  to  be  found. 
This  total  destruction  of  a  forest  in  lumbering  is  not  neces- 
sary but  it  is  a  wasteful  destruction  of  property,  and  a  forest- 
covered  area  which  should  be  a  constant  source  of  revenuct 
becomes  in  the  end  waste  land  and  in  many  cases  an  impover- 
ished, barren  tract. 

This  scarcity  of  hard  woods  can  be  remedied  by  the  appli- 
cation of '  practical  forestry  which  would  be  adopted  in  any 
forest  reserve  established  in  the  Southern  Appalachian  Moun- 
tains and  is  now  being  practiced  in  the  forest  reserves  of  the 
western  part  of  this  country.  There  is  little  or  no  doubt  but 
that  the  forests  of  the  Southern  A[q>alachian  mountains  can, 
by  systematic  and  conservative  measures,  be  made  to  yield 
profitable  returns  to  the  State  and  country.  The  forests  of 
North  Carolina  and  Tennessee  are,  and  have  for  many  years, 
been  one  of  the  chief  resources  of  revenue  to  the  people  of 
theie  States  and  thus  their  preservation  and  perpetuation 
means  a  constant  source  of  revenue  to  these  States. 

Thus  the  two  main  and  vital  reasons  for  forest  reserves  are 
first,  the  protection  of  the  water  supply  of  our  streams  and 
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rjirers;  and  aerond,  the  protection  of  onr  supplies  of  lumber, 
especially  the  hard  woods. 

The  re^on  that  is  to  comprise  the  piroposed  Appalachian 
Forest  Reserve  lies  for  the  most  part  in  Western  North  Caror 
Una  and  eastern  Tennessee,'  with  smaller  areas  in  southwestr 
firn  Virginia,  northeastern  Georgia  and  northwestern  South 
Carolina.  The  slopes  of  the  mountains  in  this  region  are  the 
sources  of  many  large  rivers,  as  the  Tennessee,  the  Savan- 
nah, the  Broad  and  the  Catawba.  The  water-power  and 
qavigation  of  these  rivers  are  seriously  affected  by  the  removal 
of  the  forests  in  the  mountainous  districts  as  is  also  the  water 
supply  for  the  towns  and  cities  in  the  vicinity  of  the  moun- 
tains and  of  these  rivers.  This  southern  section  of  the 
United  States  has  not  been  subjected  to  glacial  action  as  the 
northern  States  have  and  there  are,  therefore,  no  glacial  drifts 
in  this  region  to  act  as  storage  res'ayoirs  for  water.  Thus, 
in  the  removal  of  the  forests  we  are  practically  xemovisg  all 
the  natural  resources  for  storing  water. 

In  speaking  of  forest  reserves  and  particularly  of  the  pro* 
posed  Southern  Appalachian  Reserve,  President  Roosevelt  in 
his  address  at  Raleigh,  N.'  C,  October  20,  1905,  pointed  out 
how  vital  the  preservation  of  the  forests  is  to  the  welfare  of 
every  country  and  that  the  upper  altitudes  of  the  forested 
mountains  are  most  valuable  to  the  nation  as  a  whole,  not 
only  on  account  of  their  commercial  v^lue  as  supjdies  of  lumr 
ber,  but  especially  because  of  their  effects  upon  the  water 
supply.  He  further  said:  "Neither  state  or  nation  can 
afford  to  turn  these  mountains  over  to  the  tinrestrained  greed 
of  those  who  would  exploit  them  at  the  expense  of  the  future. 
We  cannot  afford  to  wait  longer  before  assuming  control,  in 
the  interest  of  the  public,  of  these  forest?;  for  if  we  do  wait, 
the  vested  interests  of  private  parties  in  them  may  become  so 
strongly  intrenched  that  it  may  be  a  most  expensive  task  to 
oust  them.  If  the  Eastern  States  are  wise,  then  from  the 
Bay  of  Fundy  to  the  Gulf  we  wtll  see,  within  the  next  few 
jears,  a  policy  set  on  foot  similar  tfi  that  so  fortunately  car- 
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ried  out  in  the  high  Sierras  of  the  west  by  the  national  gov- 
ernment. All  the  higher  Appalachians  should  be  reserved, 
either  by  the  states  or  by  the  nation.  I  much  prefer  that 
they  should  be  put  under  national  control,  but  it  is  a  mere 
truism  to  say  that  they  will  no{  be  reserved  either  by  the 
states  or  by  the  nation  unless  you  people  of  the  South  show  a 
strong  interest  therein."  • 

North  Carolina,  which  would  give  the  largest  area  to  the 
Appalachian  Forest  Keserve,  is  unequalled  in  its  variety  of 
hardwoods  and  conifers  by  that  of  any  other  State  or  Terri- 
tory. Throughout  the  whole  area  of  the  State,  the  great 
variety  of  soils  and  climate  has  brought  together  trees  from 
all  parts  of  eastern  America  so  that  24  kinds  of  oaks  are  to  be 
found  in  the  State,  which  is  three  more  than  occur  in  any 
State  to  the  north  of  this  one,  and  two  more  than  are  to  be 
found  in  any  State  to  the  south;  of  the  nine  kinds  of  hickories 
known  to  occur  in  the  United  States,  eight  have  been  found 
in  North  Carolina;  here  are  all  six  maples  of  the  eastern 
United  States;  all  the  lindens;  all  six  of  the  American  magno- 
lias; three  of  the  birches;  eight  pines  out  of  eleven;  both  spe- 
cies of  hemlock  and  balsam-fir;  three  elms  out  of  five;  six 
arborescent  species  of  plum  and  cherry;  and  three  of  pyrus 
(apple). 

The  bleak  and  exposed  mountain  summits,  bear  forests  of 
trees  which  there  find  their  southern  limit,  but  extend  north- 
ward  through  northern  New  York  and  New  England  to  Can- 
ada. Such  trees  are  the  black  spruce  (the  balsam),  striped 
and  spiked  maples,  mountain  sumac,  which  is  really  an  apple, 
balsam  fir  and  aspen,  all  unless  sheltered  by  other  trees 
or  by  the  slopes  of  the  mountain  atiove  them,  rugged  and 
dwarfed  from  the  cold  and  constant  wind  to  which  they  are 
exposed. 

The  commercial  forest  trees  are  on  the  slopas  of  the  moun- 
tains and  in  the  ravines  and  valleys.  Some  of  these  trees 
have  wide  distribution  to  the  north  of  North  Carolina  or  to 
the  south  of  it,  or  in  both  directions,  and  some  of  them  are 
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restricted  in  tbeir  distribution  to  North  Carolina  or  to  the 
region  around  the  southern  Appalachian  mountains. 

The  mossy  cup,  yellow  and  shingle  oaks,  white  linden  and 
big  shag-bark  hickory,  prominent  trees  of  the  central  States, 
extend  as  far  to  the  southeast  as  central  North  Carolina; 
while  trees  of  the  north,  like  hemlock,  sugar  or  hard  maple, 
northern  red  oak,  cherry,  birch  and  white  pine,  and  of  the 
northeast,  like  the  pignut  hickory,  chestnut,  northern  pitch 
pine  and  balsam  enter  more  or  less  largely  into  the  composi- 
tion of  the  forests  of  the  western  parts  of  the  State. 

Many  trees  of  wide  distribution,  and  among  them  some  of 
the  most  valuable,  extend  from  this  State  in  all  directions, 
the  white,  post,  black,  scarlet  and  Spanish  oaks,  the  red  and 
white  maples,  the  white  hickory  and  brown  heart  and  shag- 
bark  hickories,  short-leaf  pine,  yellow  poplar,  red  cedar,  black 
cherry,  and  black  walnut.  The  cypress,  water  and  willow 
oaks,  downy  poplar,  swamp-white  oak  (Q.  Michauzii,  Nutt.) 
southern  elm,  and  planer  trees  are  trees  having  a  great  range 
to  the  south  and  southwest.  A  few  trees  are  found  only  in 
this  State,  or  extend  but  a  short  distance  beyond  its  bound- 
aries, the  yellow-wood,  the  large-leafed  umbrella  tree,  the 
Carolina  hemlock,  the  clammy  locust,  the  last  t>eing  entirely 
confined  to  this  State. 

Altogether  there  are  153  kinds  of  woody  plants,  which  form 
a  simple  upright  stem  and  attaining  arborescent  proportions 
growing  naturally  within  the  State;  and  of  these  over  seventy 
are  trees  of  the  first  si2e,  and  fifty-seven  are  trees  of  great 
economic  value.  Fourteen  of  these  are  known  to  attain  in 
this  State  a  height  of  over  100  feet,  three  of  them  a  height  of 
over  l-IO  feet,  sixteen  of  them  reach  in  this  State  diameters  of 
five  feet  or  over;  and  five  reach  diameters  of  seven  feet  or 
over. 

The  areas  of  the  other  States  included  in  the  proposed  For-  ■ 
est  Reserve  also  contain  a  large  variety  of  trees  and  thus  this 
region  contains  the  greatest   variety  of  hard  woods  to  be 
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found  anywhere  on  the  American  Continent  for  it  is  here  that 
there  is  an  intermingling  of  the  sylvaof  the  north  and  south. 
Here  trees  that  are  common  to  New  England  are  found  in 
close  proximity  to  those  that  are  common  to  the  more  South- 
ern States.  Here  is  the  largest  area  of  virgin  forests  to  be 
found  in  the  Southern  Appalachian  region.  Here  are  trees 
from  five  to  ten  fieet  in  diameter  which  often  tower  to  a 
height  of  140  feet.  The  destruction  of  such  a  forest  would 
be  an  almost  irreparable  losSi  for  once  destroyed  it  would 
take  generations  for  its  restoration,  with  a  great  probability 
of  failure;  and  then  again  the  chances  are  that  it  would  not 
be  attempted. 

These  areas  of  timber  are  being  rapidly  acquired  by  those 
whose  one  object  is  to  make  the  most  profit  possible  out  of 
them  at  the  present  time  with  no  thought  for  the  future. 
Many  of  the  older  countries,  as  Germany  and  England,  have 
sufiFered  to  such  an  extent  by  the  destruction  of  their  forests 
that  they,  especially  Germany,  have  begun  already  to  take 
measures  to  preserve  their  forests  and  to  make  them  such 
that  they  will  be  a  constant  source  of  lumber,  and  Germany 
has  shown  that  by  her  system  these  forest  reserves  become 
self-supporting.  England  has  become  so  depleted  of  her  tim- 
ber that  she  is  obliged  to  import 'the  greater  part  of  her  lum- 
ber. 

The  only  remedy  for  the  protection  and  preservation  of  our 
forests  is  for  the  National  Government  to  obtain  possession 
of  them  and  to  care  for  them  by  the  application  of  scientific 
methods. 

Such  a  forest  reserve  under  the  management  of  trained  for- 
est experts  will  demonstrate  how  these  forests  can  t>e  perpet- 
uated and  at  the  same  time  be  made  to  pay.  Such  an  exam- 
ple will  have  an  influence  on  the  several  States  and  individ- 
uals b;  encouraging  them  to  practice  forestry  and  to  use 
those  lands  for  growing  timber  that  are  more  suited  for  this 
purpose  than  for  farming  industries.    It  will  be  an  object  les- 
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ibn  a.M  ft  laboratory  for  those  studying:  or  interested  in  for- 
^ry. 

The  acquirement  of  this  land  by  the  national  government 
for  a  forest  reserve  will  not  be  setting  a  precedent  for, 
"nearly  50,000,000  of  acres  of  forest  covered  lands  have  been 
set  aside  (in  the  Western  States)  as  National  Forest  Reserves 
and  parks  for  the  purposes  of  perpetuating  a  timber  supply  in 
the  'Westem  States  and  territories  and  for  preserving-  forever 
the  sources  of  their  more  important  streams."  Thus  what  is 
now  proposed  is  not  new  either  in  principle  or  practice. 
There  are  a  number  of  reasons  that  can  be  given  why  this 
should  be  a  National  Forest  Reserve.  First,  the  problems 
and  dangers  that  it  is  intended  to  meet  are  national;  second, 
this  tract  of  land  lies  in  several  States  and  the-  streams  that 
rise  in  them  fiow  through  many  States  and  it  would  be  difiB- 
cult,  even  if  possible,  for  these  States  to  control  and  operate 
such  a  reserve  successfully;  third,  these  States  are  not  so  sit- 
uated financially  that  they  could  even  make  the  attempt  to 
cany  out  this  plan.  Thus  if  the  forest  reserve  such  as  is 
contemplated  is  established  it  must  be  done  by  the  National 
Government.  The  several  States  have  conferred  upon  Con- 
gress the  necessary  authority  to  acquire  land  within  their 
respective  borders.  These  lands  can  at  the  present  time  be 
purchased  at  a  very  reasonable  price;  but  they  are  increasing 
in  value  from  year  to  year.  While  there  are  these  fifty  mil- 
lions of  acres  in  National  Forest  Reserves  and  Parks  in  the 
West  there  is  not  a  single  National  Forest  Reserve  in  the 
East.     (There  are  a  few  State  Reserves.) 

The  withdrawal  of  this  large  amount  of  land  and  putting-  it 
into  the  hands  of  the  Government  will  not  prevent  the  devel- 
opment of  its  other  resources  (mineral  and  agricultural)  for 
these  can  be  developed  as  fast  as  capital  desires  but  under  the 
judicial  guidance  of  the  Government  and  it  is  possible  for 
large  industries  to  become  established  in  them. 

Besides  being  a  forest  reservation,  this  tract  of  land  will 
also  be  a  large  National  Park,  though  this  is  a  secondai^ 
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consideration.  It  will  be  a  National  Park  that  will  contain 
scenery  of  rare  natural  beauty  and  will  contain  the  higfbest 
mountains  east  of  the  Rock;  Mountains  and  which  are  cov- 
ered with  trees  and  shrubs  to  their  summits.  The  healthful- 
ness  of  this  region  is  already  known  throughout  the  country 
and  this  and  the  climatic  conditions  are  very  favorable  to  a 
Park. 


idbyGoOglC 


idb,GoogIc 


idb,GoogIc 


JOURNAL 

or  THI 

Elisha  Mitchell  Scientific  Society. 


"PHYSIOLOGICAL    ECONOMY    IN    NUTRITION"- 
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There  cannot  be  a  more  frenerallj  interesting  subject  than 
Physiological  Economy  in  Nutrition.  The  habit  of  excessive 
indulgence  at  the  table  is  still  very  common  and  habitual 
over-eating  is  practically  universal.  The  pernicious  effects 
of  the  former  are  often  immediate  and  convincing,  while  the 
harmful  effects  of  the  latter,  though  insidious,  are  none  the 
less  certain.  The  restraint  of  one's  appetite,  after  genera- 
tions of  hereditary  and  years  of  acquired  indulgence,  and  its 
restriction  to  a  diet  nearly  approaching  the  actual  needs  of 
the  body,  requires  a  degree  of  self  control  and  watchfulness 
that  few  of  us  possess,  and  yet  it  needs  no  argument  to  con- 
vince us  that  every  ounce  in  excess  of  this  entails  a  wasteful 
expenditure  of  body  energy,  an  unnecessary  and  harmful  bur- 
den on  the  body  machinery,  and  places  both  our  mental  and 
physical  effectiveness  on  a  lower  plane.  The  mental  and 
physical  hebetude  following  a  heavy  meal  is  a  common  expe- 
rience  and  so  often  has  disease  been  traceable  to  disturbances 

PrtiLted  Uuch  ipth.  . 
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in  nutrition  that  it  is  a  medical  axiom  that  the  "majontj  of 
diseases  of  mankind  are  due  to  or  are  connected  with  perver- 
sions of  nutrition."  The  habit  of  undereating  is  none  the  less 
pernicious,  but,  if  we  are  to  accept  Dr.  Chittenden's  standards, 
it  is  so  ra^  as  to  demand  little  consideration. 

A  diet  just  sufficient  to  maintain  the  highest  mental  and 
physical  efEectiveness,  with  due  consideration  for  a  capricious, 
somewhat  fanciful  appetite  is  the  ideal.  An  effort  to  estab- 
lish such  a  dietetic  minimum,  of  more  or  less  general  applica- 
tion, through  experiment,  has  resulted  in  the  formulation  of 
dietetic  standards  by  Voit,  Ranke,  Hoppe-Seyler,  and  others, 
all  agreeing  in  the  main  that  the  average  adult  doing  an 
ordinary  amount  of  work  requires  something  more  than  100 
grams  (3  to  4  oz.)  ProteJds  (the  chief  constituent  of  meat), 
250  grams  (9-10  oz.)  Carbohydrates  (the  chief  constituents  of 
cereals),  and  100  grams  (3-4  oz.)  fat;  which,  together,  should 
have  a  heat  value  of  about  3,000  heat  units  (the  large  calorie). 
On  such  a  diet  it  has  been  found  that  the  individual  could 
maintain  a  nutritive  balance,  neither  gaining  nor  losing  in 
weight.  These  standards  have  been  generally  adopted  and 
an  analysis  of  the  average  diet  of  soldiers  and  laborers  of 
different  nationalities,  as  well  as  other  groups  of  men,  have 
shown  them  to  be  rather  more  than  less.  But  from  time  to 
time  individual  experience  and  experiment  have  suggested 
that  they  were  too  high  and  should  be  subjected  to  a  critical 
review  and  revision.  With  this  object  in  view,  Dr.  Chitten- 
den, of  Yale  University,  began  his  investigation,  the  results 
of  which  have  t>een  published  in  book  form  under  the  well 
chosen  title  of  Physiological  Economy  in  Nutrition  (Stokes  & 
Co.,  New  York). 

Among  the  striking  features  of  the  book  is  the  prominence 
given  the  proteid  constituents  of  our  diets  and  his  conclusions 
will  be  disappointing  to  the  average  American  who  is  pro- 
verbially a  heavy  meat-eater  and  to  the  athlete  who  often 
thinks  his  success  depends  upon  the  number  of  pounds  of 
meat  he  can  consume.     The  proteids  have  been  recognized  as 
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the  baste  constituents  of  all  bioplasm  (living  substance)  and 
for  its  repair  and  growth  they  must  form  the  most  important, 
though  not  necessarily  the  most  abundant  constituent  of  our 
diets,  for  it  has  been  demonstrated  over  and  over  again  that 
one  cannot  maintain  a  healthy  condition  without  proteids  in 
one  form  or  another.  This  has  been  perhaps  the  strongest 
argument  with  the  trainer  who  wishes  to  encourage  the 
growth  of  muscles,  notwithstanding  the  easily  proved  fact 
that  muscular  exercise  does  not  increase  the  use  of  proteid 
matter.  Dr.  Chittenden  calls  attention  to  the  fact  that  an 
excessive  proteid  diet  produces  more  strain  than  any  other. 
They  are  difficult  to  digest,  difficult  to  assimilate,  and  the 
traste  is  difficult  to  eliminate,  taxing  especially  the  liver  and 
kidneys.  Then  again,  among  the  innumerable  products  of 
proteid  digestion,  there  are  formed  many  more  or  less  poison- 
ous compounds  which  act  deleteriously  on  the  nervous,  mus- 
cular, and  circulatory  systems.  Hence  an  excess  of  proteids 
ia  especially  to  be  avoided.  The  fat  and  carbohydrates — 
especially  the  latter — are  ultimately  oxidized  to  CO,  and 
H,0,  and  the  elimination  of  the  excess  does  not  entail  so 
a  great  hardship.  This,  however,  does  not  warrant  an 
excessive  indulgence. 

An  ideal  diet,  then,  should  contain  just  sufficient  proteid  to 
make  good  the  wear  and  tear  of  the  body  machinery  and  to 
provide  for  a  legitimate  growth  and,  iu  addition,  sufficient 
carbohydrate  (especially)  and  fat  to  furnish  the  t>ody  energy; 
a  little  meat  and  the  rest  vegetable  matter.  The  chief  object 
of  the  research  is  to  determine  the  minimum  amount  of  pro- 
teid necessary  to  maintain  a  proteid  balance,  with  an  ade- 
quate amount  of  fats  and  carbohydrates,  for  it  has  been 
shown  that,  in  the  absence  of  the  latter,  the  proteids  will  be 
utilized  directly  for  the  production  of  body  energy— a  misap- 
propriation— and  the  proteid  diet  correspondinffly  high. 

The  index  to  the  amount  of  proteid  digested  in  the  body  is 
the  amount  of  nitrogen  excreted  in  the  urine  during  a  corre- 
sponding  period   of    time.      To  this  is  added  the  amount 
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of  undigested  nitrogen  and  the  sum  sbould  be  equal  to  the 
total  nitrogen  taken  in  with  the  food.  Where  such  is  the 
case  the  individual  is  said  to  be  in  nitrogen  balance — the 
intake  is  equal  to  the  outgo.  If,  however,  the  income  is^  less 
than  the  outgo,  the  individual  is  accumulating  nitrogen  as 
proteid  or  its  by-products.  In  neither  case  is  one  in  nitrogen 
balance.  It  must  be  remembered,  however,  that  there  may 
l>e  a  nitrogen  balance  on  an  excessive  proteid  diet — so  elastic 
is  the  assimilating  and  eliminating  power  of  the  body.  But 
it  would  seem  that  on  a  minimum  proteid  diet  this  method 
would  give  us  control  of  the  process. 

Different  individuals — differing  in  sizt,  weight,  habits,  and 
occupation — require  a  slightly  different  amount  of  proteid, 
and  in  order  to  eliminate  this  personal  equation  as  far  as  pos- 
sible and  to  make  the  dietetic  standard  of  general  application, 
it  was  necessary  to  experiment  upon  a  number  of  individuals. 
In  this  investigation  there  wa&  a  liberal  choice.  Among 
those  experimented  upon  we  lind  professional  men,  teachers, 
students,  athletes,  and  soldiers  (a  squad  being  detailed  from 
the  U,  S.  Army  Hospital  corps) — representing  a  variety  of 
individuals  engaged  more  or  less  actively  in  mental  and  phys- 
ical exercises. 

In  previous  nutrition  experiments  the  period  of  time  cov- 
ered by  the  experiment  has  been  too  short  to  warrant 
safe  conclusions.  In  these,  however,  the  individuals  were 
under  experimental  observation  for  periods  of  six  and  nine 
months,  which  would  seem  amply  sufficient  to  determine 
whether  the  individual  can  be  maintained  indefinitely  in 
nutritive  balance  with  full  mental  and  physical  vigor  on  a 
given  diet.  In  this  respect  the  investigation  is  superior  to 
those  previously  reported  and  warrants  a  greater  degree  of 
confidence  in  the  conclusions. 

The  plan  of  the  investigation  was  exceedingly  well  thought 
out  and  faithfully  executed.  For  two  weeks  previous  to  the 
curtailing  of  the  diet,  and  while  the  individual  was  still  liv- 
ing on  his  accustomed  diet,  daily  determinations  of  the  total 
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oitrogen  excreted  in  the  urine  were  made  and  its  equivalent 
in  proteid  recorded.  Then  there  was  a  gradual  withdrawal 
of  the  diet — especially  the  proteid  constituents— thus  allow- 
ing the  body  to  adjust  and  adapt  itself  to  the  change;  and 
this  was  continued  until  a  nutritive  balance  (as  indicated  by 
a  constant  body  weigh  t  and  confirmed  by  balance  experiments) 
was  reached.  The  balance  experiments  were  performed  at 
stated  intervals  and  covered  periods  of  seven  days,  during 
which  the  food  was  accurately  weighed,  samples  drawn 
and  analyzed,  and  daily  determinations  of  the  nitrogen  in  the 
excreta  were  made  and  a  balance  sheet  drawn.  During  the 
investigation  each  individual  was  furnished  with  a  liberal 
diet  list — the  composition  of  the  different  ingredients  being 
furnished — from  which  he  might  select  such  articles  as  would 
gratify  his  taste,  bearing  in  mind  only  the  general  purpose  of 
the  experiment.  The  advantage  of  this  is  obvious  when  we 
remember  that  however  choice  a  diet  list  may  be,  if  it  is 
restricted  in  variety,  it  will  become  distasteful.  Systematic 
records  were  kept  of  the  body  weight,  muscular  power,  and 
mental  vigor,  as  is  customary  in  gymnasiums  and  psycholog- 
ical laboratories,  to  which  was  added  the  testimony  of  the 
individual  as  to  his  general  health,  physical  and  mental  con- 
dition. In  some  cases  periodical  blood  examinations  were 
made  to  detect,  if  possible,  any  change  in  its  character  in 
consequence  of  the  restricted  diet  and  the  results  recorded. 

The  enormous  amount  of  work  entailed  by  such  an  investi- 
gation can  only  be  appreciated  by  a  careful  examination  of 
the  innumerable  tables  which  contain  the  results  of  the  quan- 
titative analj-ses  of  foods  and  excretions,  bto'od  tests,  physical 
tests,  etc.,  which  were  systematically  made  throughout  the 
entire  period  on  each  individual.  The  energy,  patience,  and 
perseverance  displayed  excites  one's  admiration. 

The  investigation  seems  to  demonstrate  conclusively  that 
Voit's  and  all  previously  formulated  stindards  are  much  too 
high,  especially  as  regards  thuir  proteid  constituents.  These 
can  be  safely  reduced  50  or  60  per  cent.,  provided  there  is  an 
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adequate  amount  of  fats  or  carbohydrates.  The  further  con* 
elusion  seems  warranted  that  it  is  seldom  necessary  to  increase 
the  heat  value  of  the  food  beyond  3,000  large  calories  and  in 
most  instances  it  may  be  less.  This  reduction  in  the  diet 
does  not  bring'  us  to  veg^etarianism  nor  abstinence  from  meats, 
but  merely  to  temperance.  Nor  does  it  mean  the  slightest 
loss  in  physical  or  mental  vigor  or  endurance.  On  the  con- 
trary, the  records  indicate  an  increase  in  muscular  power  and 
endurance  and  so  far  as  mental  vigor  may  be  tested  or  judged, 
this  was  unimpaired.  The  improvement  in  the  general  health 
in  Dr.  Chittenden  himself  during  the  nine  months  in  which 
he  was  on  a  restricted  diet  and  among  those  who  independ- 
ently adopted  a  similar  regime  amply  justifies  the  assertion 
that  dietetic  temperance  conduces  not  only  to  one's  general 
health,  but  must  contribute  to  longevity  of  life.  Nor  does  it 
entail  any  discomfort  arising  from  an  unsatisfied  appetite  after 
one  has  become  adapted  and  adjusted  to  the  restriction,  and 
this  may,  in  a  measure,  be  controlled  by  prolonged  chewing 
of  the  food,  which  is  a  good  habit  under  any  circumstances. 
It  may  prove  interesting  to  outline  Dr.  Chittenden's  record  of 
himself  during  the  period  of  experiment,  which  is  not  the 
least  interesting  one.  Previous  to  the  experiment  be  was 
living  on  a  diet  corresponding  approximately  to  Voit's  stand- 
ard and  was  eating  sufficient  proteids  to  pass  about  16  grams 
N.  in  his  urine  per  diem.  At  this  time  he  was  47  years  old  and 
weighed  about  167  pounds.  He  gradually  reduced  his  diet 
until  he  was  passing  on  an  average  of  only  S.669  grams  N.  in 
24  hours;  corresponding  to  35,6  grams  Proteids— about  one- 
third  the  amount  prescribed  by  Voit,  And  while  the  heat 
value  of  his  diet  fluctuated  to  some  extent,  it  seldom  exceeded 
2,000  large  calories  and  was  generally  below  it.  In  the  early 
'  weeks  he  lost  slightly  in  weight  reaching  160  pounds,  and  it 
then  remained  constant  throughout  the  experiment.  For  a  time 
he  would  eat  no  breakfast,  a  light  lunch  at  1 :30  and  a  heavier 
dinner  at  six.  This  degree  of  temperance  could  be  reached 
only  after  a  gradual  reduction,  but  he  states  that  even  now 
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he  has  no  desire  to  return  to  his  former  habits.  He  succeeded 
in  reducing  the  Nitrog-en  in  his  urine  to  a  greater  extent  than 
an;  one  else,  but  this  was  probably  due  to  a  greater  self  con- 
trol, born  of  his  enthusiasm  for  the  investigation.  It  is 
interesting  to  note  that  Folin  in  reporting  the  analysis  of  the 
urine  of  a  vegetarian  in  apparently  perfect  health  as  contain- 
ing a  little  less  than  5  grams  Nitrogen,  remarks  that  "no  one 
would  be  willing  to  call  it  normal  urine"  (the  usual  interpre- 
tation put  upon  such  uriue  would  be  an  insufficient  action  of 
the  kidneys). 

It  is  interesting  to  contrast  Dr.  Chittenden's  record  with 
Stapleton's,  a  professional  athlete  and  wrestler,  who  is 
described  as  a  man  of  great  muscular  development  and  power. 
At  the  beginning  of  the  experiment  he  weighed  about  195 
pounds,  and  on  his  customary  diet  was  excreting  an  average 
of  19.7  grams  Nitrogen,  corresponding  to  123  grams  metabol- 
ized proteids.  (Unfortunately  the  heat  value  of  the  diet  is 
not  stated,  but  it  was  probably  large).  He  succeeded  in 
reducing  the  Nitrogen  excretion  to  9  grams  in  the  24  hours, 
corresponding  to  about  57  grams  proteids — a  reduction  of 
more  than  one-half — and  this  on  a  diet  that  rarely  exceeded 
3,000  heat  units.  In  the  early  weeks,  as  before,  there  was  a 
slight  reduction  in  weight  until  he  reached  185  pounds  and 
this  remained  fairly  constant;  his  total  muscular  power 
increased  25  per  cent,  during  the  six  months,  and  this,  it  may 
be  stated,  was  not  due  to  a  change-  in  the  character  or  the 
amount  of  exercise.  Similar  results  were  recorded  of  other 
athletes  and  the  soldiers  who  were  given  more  or  less  vigorous 
gymnasium  exercise,  and  it  may  be  well  to  call  attention 
again  to  the  conclusion  that  a  heavy  meat  diet  for  athletes  is 
unnecessary  and  irrational. 

The  results  of  this  classical  investigation  are  of  such  far 
reaching  importance  that  they  should  not  only  interest  the 
physician,  but  every  one  who  takes  himself  seriously  and 
wishes  to  bring  himself  to  the  highest  plane  of  physical  and 
mental  effectiveness.  The  book  is  thoroughly  readable  and 
comprehensible  to  the  average  reader. 
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CORUNDUM    AND    THE    PERIDOTITES    OF    WEST- 
ERN  NORTH   CAROLINA. 
A  REVIEW. 

JOSEPH    HYDE    PRATT   AND   JOSEPH    VOLNEY   LEWIS. 

Under  the  above  title.  Volume  1  of  the  North  Carolina 
Geological  Survey  reports  has  recently  appeared.  The  scope 
of  the  work,  however,  is  broader  in  many  ways  than  this  title 
indicates.  It  is  a  volumes  of  464  pages  and  is  illustrated  by 
45  plates  and  35  fig-ures  in  the  text.  While  the  report  is  the 
result  of  collaboration,  the  work  has  been  divided  so  that,  in 
the  main,  the  mineralogical  investigations  have  been  con- 
ducted by  Dr.  Pratt  and  the  petrographical  study  of  associ- 
ated rocks  has  been  the  work  of  Professor  Lewis.  The  preface 
states:  "To  only  a  limited  extent  have  the  authors  been  able 
to  carry  on  field  work  together.  The  work  for  the  most  part 
has  been  done  at  different  times,  each  working  independently. 
Notwithstanding  this  fact  and  the  somewhat  different  meth- 
ods employed,  each  has  been  led  to  essentially  the  same  con- 
clusions in  the  interpretation  of  field  observations.  Especially 
is  this  true  in  regard  to  the  theories  of  the  origin  and  present 
relations  of  both  the  peridotites  and  the  corundum. 

A  brief  sketch  of  Geology  of  the  State  is  given  in  Chapter 
I,  with  a  somewhat  fuller  description  of  the  belt  of  gneiss, 
granites  and  schists,  constituting  the  mountain  section  of  the 
west,  and  in  which  the  peridotites  and  the  corundum  deposits 
of  the  State  occur. 

Chapter  II  deals  with  the  peridotites  and  associated  basic 
magnesian  rocks,  including  four  varieties  of  peridotites,  four 
pyroxenites,  four  gabbroic  rocks,  an  amphibolitr.-,  and  three 
varieties  of  diorite.  These  are  chiefly  well  known  types,  with 
the  exception  of  the  pyroxenite  composed  of  the  orthorhombic 
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pjrroxene,  eostatite.  This  rock  is  sumi^what  cummonl;  lound 
througrhout  the  region  and  forms  many  masses  of  considerable 
extent.  The  name  enstatolite  is  proposed  for  this  type,  in 
conformity  with  the  terms  bronzitite  and  hypersthenite. 
These  rocks  are  discussed  in  their  relations  to  the  belt  of  sim> 
ilar  rocks  which  extends  the  whole  length  of  the  eastern 
crystalline  belt,  from  centra!  A^labama  through  Georgia, 
South  Carolina,  North  Carolina.  Virginia,  Maryland,  Dela- 
ware, Pennsylvania,  New  Jersey,  New  York,  the  New  Eng- 
land States,  Quebec,  and  Newfoundland. 

Maps  are  given  showing  the  distribution  and  relations  of 
these  rocks  to  the  crystalline  rocks  in  eastern  North  America 
and  western  North  Carolina,  besides  several  detailed  maps  of 
various  portions  of  the  belt  of  particular  interest.  The  con- 
toured map  of  western  North  Carolina  is  on  scale  of  eight 
miles  to  tbi;  inch,  with  the  base  printed  in  three  colors,  after 
the  manner  of  the  maps  of  the  United  States  Geological  Sur- 
vey. On  this  the  "Conglomerates,  quartzites,  slates,  etc., 
chiefly  'Ocoee,"  correlated  with  Cambrian  by  the  U,  S.  Geo- 
logical Survey,"  and  the  "Gneisses,  schists,  granites,  diorites, 
and  other  crystalline  rocks  of  pre-Cambian  age,"  are  clearly 
represented  by  tints,  while  the  numerous  dikes  of  peridotites 
and  related  rocks  and  the  occurences  of  corundum,  chromite 
and  asbestos,  are  shown  in  bright  red. 

The  petrographic  descriptions  which  constitute  Chapter  ill 
are  illustrated  by  half-tone  reproductions  of  photomicro- 
graphs, showing  the  mineralogic  and  structural  variations 
and  modes  of  alteration  of  the  rocks  described.  Following 
the  general  descriptions  of  these  rocks  throughout  the  Appa- 
lachian region,  the  distribution  and  petrographic  characters 
are  given  in  considerable  detail  for  western  North  Carolina. 

In  addition  to  the  numerous  facJes  of  primary  rocks,  sec- 
ondary types  are  also  described,  including  those  mechanically 
derived  from  the  primary  types,  now  represented  by  gneisses, 
schists  and  gabbro-diorite,  and  also  a  series  of  hydrous  alter- 
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ation  products,  including  serpentine,  steatite,  and  chloritite 
(chlorite-rock).  The  vast  majority  ot  occurrences  of  these 
basic  rocks,  while  showing  more  or  less  alteration,  are  essen- 
tially fresh  primary  types,  especially  the  pure  olivine-rock 
dunite,  which  is  much  the  most  common.  Steatite  is  pretty 
widely  distributed  aS  an  alteration  product,  but  massive  ser- 
pentine is  almost  entirely  con6ned  to  an  area  extending  about 
15  miles  north  and  south  of  the  French  Broad  river.  Even  in 
these  cases,  however,  the  origin  of  the  serpentine  from  peri- 
dotites  of  exactly  similar  character  to  those  found  in  adjoin- 
ing regions  is  very  evident. 

Chapter  IV  takes  up  the  modes  of  alteration  and  decompo- 
sition of  the  peridotites,  and  five  distinct  processes  are  recog- 
nised: 1.  Weathering;  2.  Serpentimzation;  3.  Steatitization; 
4.  Chlorotitization;  5.  Amphibolization.  The  processes  of 
weathering  and  sepentinization  are  wellnigh  universal,  though 
developed  only  to  a  slight  extent  except  in  a  few  localities. 
Alteration  to  talc,  chlorite  and  amphibole  are  much  more 
limited  in  their  manifestations,  but  have  given  rise  to  many 
important  rock  masses.  The  various  processes  as  affecting 
the  peridotites  of  diverse  composition  are  described  minutely. 

The  long  vexed  question  of  the  origin  of  peridotites  is  taken 
up  in  Chapter  V.  The  strong  trend  of  modem  thought 
toward  the  theory  of  igneous  origin  is  clearly  brought  out, 
and  the  correctness  of  this  theory  is  abundantly  substantiated 
by  observations  in  North  Carolina.  The  data  presented  upon 
this  point  are  arranged  under  five  heads:  1.  Mineralogic 
characters;  2.  Microscopic  characters;  3.  Gross  structures; 
4,  Modes  of  occurrence;  5.  Relations  to  the  gneisses  and 
schists.  This  is  followed  by  a  discussion  of  the  general 
petrology  of  the  peridotites  and  associated  rocks  in  which  the 
conception  of  genetic  unity  of  the  whole  series  is  strongly 
emphasized. 

It  is  pointed  out  as  a  noteworthy  fact  that  many  of  these 
rock  types  are  closely  associated  in  almost  every  occuiveace 


idbyGoOglC 


/potf]  Pratt  and  Lewis— A  Review.  11 


tfanrag'htrat  the  crystalline  belt  of  eastern  North  Am 
Usually  one  or  another  type  preponderates  in  any  particular 
region,  but  the  associations  are  always  essentially  the  same. 
Thus  the  peridotites,  particularly  dunite,  prevail  io  North 
Carolina  and  Quebec,  the  pyroxenites  in  Pennsylvania,  and 
the  gabbros  are  very  abundant  in  Delaware  and  Maryland. 
In  fact  the  types  represented  in  the  various  reg:ions  are  almost 
identical,  and  the  petrology  is  closely  similar,  except  in 
relative  abundance  of  the  various  types,  and  in  degree  of 
alteration. 

la  discussing  the  ma^etic  relations  of  the  peridotites, 
anorthosites,  amphibolites,  etc.,  two  generations  of  corundum 
are  recognized.  The  greater  part,  including  all  deposits  of 
commercial  value,  belongs  to  the  first  generation,  and  was 
formed  by  the  crystallization  of  the  e^icess  of  alumni  in  the 
original  peridotite  magma.  A  very  small  part,  however, 
occurring  in  microscopic  grains,  has  been  produced  by  an 
excess  of  alumina  arising  from  the  corrosion  of  anorthite  by 
the  still  molten  magnesia  magma.  This  process  has  pro- 
duced the  sheaths  of  intermediate  minerals  which  form  the 
corrosion  mantles^  ao  beautifully  developed  in  some  localities, 
or  which,  in  some  cases,  entirely  replace  the  anorthite  or  the 
olivine,  as  the  case  may  be,  with  nest-like  aggregates. 

Regarding  the  age  of  the  peridotites,  the  conclusion  of  the 
present  writers  may  be  summarized  as  follows:  Sufficient 
data  are  not  yet  available  for  a  satisfactory  determination  of 
the  age  of  these  rocks,  but  their  intrusion  was  probably  con- 
temporaneous, or  practically  so,  for  the  wholt  region  from 
Newfoundland  to  Alabama.  The  peridotite  belt  lies  in  a 
region  of  great  disturbance  and  intense  metamorphism.  This 
fact,  together  with  the  geological  relations  to  the  northward, 
suggests  the  hypothesis  that  the  principal  period  of  intrusion 
was  closely  associated  with  the  orogenic  movements  which 
closed  the  Lower  Silurian  (Ordovician)  period.  The  distribu- 
tion of  these  rocks  may  well  mark  to  a  great  extent  the  axis 
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of  most  intent  folding  dnd  faulting.  The  latter  Appalachian 
disturbances,  at  the  close  of  the  Carboniferous,  have  produced 
the  laminationsu  often  seen  in  these  rocks,  and  have  proba- 
bly given  occasion  for  later  minor  intrusions.  This  hypothe- 
sis is  not  offered  as  a  final  answer  to  the  question  of  age  of 
the  peridotites.  Much  painstaking  work  yet  remains  to  be 
done  before  an  entirely  satisfactory  solution  of  this  problem 
can  be  expected. 

The  chapter  closes  with  a  discussion  of  the  relations  of  the 
secondary  rocks,  in  which  the  attempt  is  made  to  trace  the 
various  laminated  and  hydrated  alteration  products  back  to 
their  original  types.  Here  the  question  is  reaabed,  whether 
the  amphibolites.  diorites,  hornblende^schists  and  hornblende 
g'neisses  may  not  themselves  have  been  derived  from  corre- 
sponding pyroxenite  types,  such  as  are  met  with  in  the  Mary- 
land and  Delaware  gfabbro  areas.  The  fact  is  pointed  out 
that  undoubted  gabbro-diorites  do  exist  in  portions  of  the  belt 
in  North  Carolina,  and  hence  it  is  considered  probable  that 
many,  if  not  all  of  these  rocks,  as  well  as  similar  rocks 
throughout  the  region,  have  bad  a  like  origin. 

After  a  discussion  of  the  physical  and  chemical  properties 
of  corundum  in  Chapter  VI,  is  given  a  description  of  the  vari- 
ous applications  of  the  mineral  in  tbe  arts,  and  an  outline  of 
the  process  of  manufacture  of  the  several  types  of  corundum 
and  emory  wheels  on  the  market. 

Chapter  Vll  deals  with  tbe  modea  uJ  occurrence  of  corun- 
dum. In  North  Carolina  the  mineral  is  known  in  five  types 
of  igneous  rock,  namely,  peridotite,  pyroxenite,  amphibolite. 
anorthosite.  and  pegmatite,  in  six  metamorphic  rocks,  ser- 
pentine, gneiss,  mica-scbist,  amphibole-schist,  and  chlorite- 
schist.  It  is  .also  found  in  gravel  dejwsits  of  emery  whose 
relations  are  undetermined.  These  modes  of  occurrence  are 
described  in  detail,  and  are  compared  with  similar  occur- 
rences, when  known,  in  other  parts  of  the  world.  The  deposits 
which  have  been  of   chief  commercial  importance  in  North 


idbyGoOglC 


iQoff)  Pratt  akd  Lbwis— A  Review  13 

Carolina  have  been  associated  with  peridotites,  and  to  a  less 
extent  with  pyrotenites  and  amphibolites.  The  gfravel  depos- 
its are  of  considerable  interest  on  account  of  the  corundum 
gfems  (ruby)  and  associated  garnet  gems  (rhodolite)  that 
have  been  found  in  some  of  them. 

With  the  peridotites  the  corundum  occurs  chiefly  in  "peri- 
pheral or  border  veins"  striking-  along-  the  borders  of  many 
of  the  massive  outcrops,  and  in  "interior  veins"  extending 
from  the  borders  at  greater  or  less  distances  toward  the  center 
of  the  peridotite  masses.  In  the  pyrozenite  and  certain  of 
the  amphibolite  occurrences  the  mode  is  similar.  In  other 
amphibolites  the  corundum  is  irregularly  distributed  in  grains 
and  larger  plates  and  nodules  through  portions  of  the  rock. 
Certain  small  pegmatite  dikes  accompanying  and  penetrating 
both  the  peridotite  and  amphibolite,  are  found  also  to  carry 
corundum.  The  corundum-bearing  serpentine,  amphibolites, 
and  chlorite-schists  are  simply  alterations  of  some  of  the  fore- 
going types,  with  more  or  less  dynamic  disturbances  and 
re-arrangement  of  materials.  Corundum-bearing  belts  of  the 
gneisses  and  mtca-schists,  which  sometimes  pass  into  quartz- 
schists,  have  no  apparent  or  probable  relation  with  the  peri- 
dotites, although  occurring  in  the  same  region,  and  in  some 
cases  near  the  outcrops  of  these  rocks. 

The  chief  localities  of  corundum-bearing  peridotite  are  in 
Clay,  Macon  and  Jackson  counties,  in  the  southwestern  corner 
of  the  State,  and  most  of  the  corundum-bearing  gneisses,  etc., 
are  also  found  in  the  same  counties.  Certain  scattered  occur- 
rences of  corundum  in  amphibolite  dikes  and  also  in  the 
gneisses  are  found  east  of  the  mountains,  particularly  in 
Iredell  ccwnty, 

"Other  occurrences  of  corundum  in  America"  extends  the 
list  of  corundum-bearing  igneous  rocks  to  include  granite, 
syenite,  nepheline-syenite,  plumasite,  uorite,  andesitc,  and 
monchiquite,  and  adds  crystalline  limestone  to  the  list  of 
metamorphic  corundum-trearing  rocks.     A  brief  description 
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of  each  of  these  modes  of  occurretices  is  gfiveo  with  references 
to  the  literature  of  those  that  have  been  prevrously  described. 
An  ndditional  list  of  "Modes  of  occurreace  of  conindutn  not 
found  in  America"  adds  to  the  number  of  corundum- bearing 
ig'neous  rocks,  kyschtmite,  tonalate,  gabbro,  quartz-porphyry, 
trachyte,  and  basalt,  besides  contact-zones  and  inclusions  in 
igneous  rocks.  To  the  metamorphic  list  are  added  corundum- 
schists  and  porphyroids  and  graphite.  These  are  followed  in 
turn  by  brief  descriptions,  completing  the  list  to  date  of  all 
known  modes  occurrence  of  corundum  throughout  the  world. 

The  distribution  of  corundum  is  described  in  Chapter  VIII. 
Like  the  peridotites,  this  is  treated  first  with  reference  to  the 
Appalachian  belt  as  a  whole,  noting  the  occurrences  in  Ala- 
bama, Georgia,  South  Carolina,  North  Carolina,  Pennsyl- 
vania, New  Jersey.  Connecticut  and  Massachusetts.  Corundum 
in  the  western  part  of  the  country  includes  descriptions  of 
occurrences  thus  far  known  in  Montana,  Colorado  and  Cali- 
fornia. This  is  followed  by  a  description  of  the  North  Caro- 
lina localities  in  detail,  arranged  by  counties,  beginning  in 
the  southwestern  corner  of  the  State.  The  chapter  closes 
with  the  description  of  foreign  corundum  and  emery  deposits, 
including  those  of  Canada,  India,  Turkey,  and  the  Grecian 
Archipelago. 

Chapter  IX  deals  with  the  alteration  of  corundum  and  its 
associated  minerals  in  great  detail.  The  list  of  minerals 
found  associated  with  corundum  in  North  Carolina  includes 
62  species,  each  of  which  is  described,  with  its  mode  of  occur- 
rence, and  its  relations  to  the  occurrence  of  corundum.  Many 
have  chemical  analyses  and  crystallographic  characters  also 
given.  "Minerals  associated  with  corundum  not  f#und  in 
North  Carolina"  adds  12  more  to  this  list,  from  various  Amer- 
ican and  foreign  localities. 

The  difficult  question  of  the  origin  of  corundum  is  discussed 
in  Chapter  X.  This  is  prefaced  by  an  account  of  the  artificial 
production  of  corundum,  and  the  origin  of  corundum  in  nature 
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is  introduced  by  a  sketch  of  the  various  hypotheses  that  have 
been  proposed  during:  the  last  quarter  of  a  century.  After  a 
discussion  of  the  field  relations  and  the  later  experiments  in 
the  production  of  artificial  corundum,  the  conclusion  is 
reached  that  the  corundum  was  held  in  solution  in  the  molten 
magma  of  the  peridotite  when  it  was  intruded  into  the 
country  rocks,  and  that  it  separated  out  among  the  first 
minerals  segregated  as  the  mass  began  to  cool.  The  conclu- 
sion is  also  reached  that  the  corundum  in  the  quartz-schists 
and  gneisses  is  the  result  of  metamorpbism  of  sandstones  and 
shales,  some  of  which  were  rich  in  alumina,  perhaps  in  the 
form  of  bauxite,  which,  during  metamorphism,  crystallized 
out  as  corundum. 

Chapter  XI  deals  with  corundum  mining  and  milling.  It 
is  introduced  by  a  historical  sketch  of  corundum  mining  in 
the  East,  followed  by  a  sketch  of  mining  in  America.  "Sug- 
gestions to  prospectors"  and  methods  of  mining  and  milling 
as  carried  out  at  various  plants,  conclude  the  chapter. 

Chapter  XII  discusses  the  chromite  and  other  economic  . 
minerals  of  the  contndum-peridotite  belt.  Chromite  in  prom- 
ising quantities  has  been  found  at  a  number  of  the  peridotite 
localities  in  western  North  Carolina,  particularly  in  Jackson 
and  Yancey  counties.  Its  origin  and.  relations  are  discussed 
and  the  conclusion  reached  is  essentially  the  same  as  for 
the  origin  of  corundum  in  peridotites.  A  discussion  of  the 
chemical  composition  of  chromite  and  its  uses,  and  a  descrip- 
tion of  the  chromite  locolities  of  the  region,  with  a  summary 
of  occurrences  in  other  parts  of  the  world,  follow.  The  dis- 
tribution and  character  of  asbestos,  nickel  ores,  serpentine, 
and  liraonite,  minerals  which,  thus  far,  are  of  minor  import- 
ance in  the  region,  close  the  chapter. 

An  appendix,  consisting  of  a  bibliography  of  American 
peridotites,  and  corundum  and  associated  minerals,  is  not 
complete,  perhaps,  as  regards  the  whole  of  North  America, 
but  is  believed  to  be  practically  complete  for  North  Carolina 
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and  the  eastern  crystalline  region  m  gfeneral.  There  are 
also  many  references  to  foreign  literature  in  foot-notes 
throughout  the  work,  and  the  volume  is  closed  with  an  elab- 
orate index 

Copies  of  this  volume  may  be  bad  by  addressing'  the  North 
Carolina  Geological  Survey,  Chapel  Hill.  N.  C. 


idbyGoOglC 


NOTES  ON  THE  GEOLOGY  OF  CURRITUCK  BANKS. 


BT  COLUBR   COBB. 


During  the  past  summer  (August,  1904)  I  have  made  a 
careful  examination  of  the  Currituck  Banks  from  the  Vir- 
ginia line  to  Kittjhawk  Baj  and  the  Kill  Devil  Hilts, 
studying  also  the  adjoining  islands  and  mainland  to  the  west. 

On  Kootts  Island  the  Columbia  sands  form  a  thin  covering 
from  one  to  three  feet  iu  thickness,  resting  upon  clays  of 
Neocene  age.  not  more  than  ten  to  twelve  feet  thick,  at  sev- 
eral points  where  I  bored  with  a  soil  auger.  Beneath  these 
clajs  are  the  Tertiary  shell  marls  so  well  known  over  eastern 
North  Carolina.  This  shell-rock,  as  it  is  called  here,  occurs 
at  a  number  of  points  in  Currituck  Sound,  as  I  found  by  sail- 
ing pretty  well  over  the  entire  sound.  A  somewhat  extensive 
area  of  this  deposit  lies  near  the  surface  of  the  water 
between  Church's  Island  and  the  Currituck  Bank,  being  about 
half  a  mile  west  of  the  Whalebead  Life  Saving  Station. 

The  cruise  in  the  Sound  revealed  well-marked  channels  end- 
ing against  The  Banks  at  the  sites  of  Old  Currituck  Inlet, 
New  Currituck  Inlet.  Caffey's  Inlet,  and  the  old  inlet  opposite 
Colleton  Island.  The  sand-reefs  or  banks  along  tbe  North 
Carolina  coast  have  grown  steadily  in  length  from  tbe  time  of 
the  earliest  settlements,  until  there  is  now  no  inlet  from  Cape 
Henry  to  Oregon  Inlet  The  inlets  through  the  Currituck 
Banks  have  been  closed  up  by  the  steady  southward  march  of 
the  great  barchanes  or  medanos,  crescentic  sand-dunes,  known 
locally  as  whaleheads.  These  dunes  are  composed  of  singu- 
larly homogeneous  blownsands.  the  horns  or  cusps  of  the  bar- 
chanes  pointing  to  lee-ward,  which  is  almost  due  South 

1906]  I ' 
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Following  the  ocean  side  of  Currituck  Banks,  one  may 
often  see  a  distinct  terrace  marking  the  line  between  the  Col* 
umbia  sands  and  the  Neocene  clajs;  on  stormy  days  commin* 
nted  Tertiary  shells  arc  washed  up;  and  quite  frequently 
after  a  storm  one  may  pick  up  water-worn  shells  of  Cardmm, 
Anomia,  and  Exogyra,  of  which  I  brought  away  a  score  of 
specimens.  These  are  distinctly  Cretaceous  forms.  Ostrea 
is  unknown  among  these  deposits,  but  oyster  shell  heaps  of 
recent  date  are  common  on  the  sound  side  near  the  southern 
end  of  Currituck. 

The  facts  go  to  show  that  The  Banks  are  not  of  such 
recent  origin  as  is  usually  supposed,  but  are  of  the  same  age 
geologicaly  as  the  adjacent  mainland. 

On  the  Atlantic  side  of  this  Currituck  Bank  I  found  numer- 
ous pebbles,  some  as  much  as  three  to  four  inches  in  diameter, 
buried  in  the  upper  sands  and  muds,  some  well  rounded, 
others  sub-angular,  and  some  of  these  latter  even  striated.  I 
have  collections  of  exactly  similar  stones  from  the  beaches  of 
the  North  Shore  of  Massachusetts,  from  Aquidneck  Island, 
and  from  Martha's  Vineyard.  There  are,  howevor,  in  my 
collection  from  this  Currituck  beach  many  fragments  of  Tri- 
assic  trap  and  sandstone,  which  are  not  known  among  the 
beach  pebbles  of  the  other  localities. 

These  pebbles  are,  almost  without  exception,  unlike  any  of 
the  stone  of  the  mainland  of  North  Carolina;  and  both  their 
position  and  individual  characters  point  to  their  glacial  ori- 
gin. It  is  clear  that  they  are  the  work  of  the  ice  sheet  of  the 
last  glacial  period,  drifted  southward  by  icebergs  which 
stranded  on  the  Carolina  coast.  A  rather  rapid  subsidence  of 
the  coast  is  now  in  progress,  the  blown  sands  and  the  silt, 
arrested  by  aquatic  vegetation  are  rapidly  filling  in  the  sound 
side  of  the  Banks,  and  the  water  of  the  Currituck  Sound  has 
alreadybecome  fresh  since  it  has  been  cut  off  from  direct  com- 
munication with  the  sea,  the  inflowing  streams  having  leached 
out  the  salt. 

The  Great  Whaleshead  barcbane  opposite  Church's  Island 
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has  moved  southward  three  quarters  of  a  mile  in  twenty  years, 
and  the  closing  up  of  the  sound  h:is  been  so  rapid  as  to  bring- 
about  litigation  in  the  courts  for  the  possession  of  the  new 
made  land.  The  subsidence  of  the  land  is  so  easily  seen  from 
t>eacons  and  telegraph  poles  as  to  be  a  matter  of  remark 
among  the  least  observant  of  the  inhabitants. 

Presented  October  U,  19U. 
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THE  NEW  ORLEANS  MEETING  OF  THE  AMERICAN 

ASSOCIATION  FOR  THE  ADVANCEMENT  OF 

SCIENCE    AND    THE    AMERICAN 

CHEMICAL      SOCIETY. 

BY    CHAS.    H      HBRTV 


Oae  of  the  prime  objects  of  the  American  Association  for 
the  Advancement  of  Science  is,  as  formulated  in  its  Coastitu- 
tioo,  "bj  periodical  and  migratory  meetings,  to  promote 
intercourse  between  those  who  are  cultivating:  science  in  dif- 
ferent parts  of  America."  Following  this  policy  the  35th 
meeting  of  the  Association  waslieldduring  Convocation  week, 
Dec.  29th,  '03-Jan.  4th,  '06  at  New  Orleans,  La.,  this  being 
the  first  meeting  held  in  that  section  of  the  country.  The 
fact  that  many  of  the  affiliated  societies  met  at  the  same  time 
at  other  points  reduced  largely  the  attendance  at  the  New 
Orleans  Meeting,  but  the  joint  sessions  of  Section  C  (chemis- 
try)  and  the  American  Chemical  Society  resulted  in  a  full 
program  and  a  large  attendance  of  chemists.  The  buildings 
of  Tulane  University  were  placed  at  the  disposal  of  the  Asso- 
ciation, the  meetings  of  Section  C  and  the  American  Chemi- 
cal Society  being  held  in  the  chemical  laboratory.  The  ses- 
uons  of  the  American  Chemical  Society  were  presided  over  by 
President  F.  P.  Venable  of  the  University  of  North  Carolina, 
while  Dr.  L.  P.  Kinnicutt  of  Worcester,  Mass  officiated  in 
the  sessions  of  Section  C- 

In  bis  address  as  retiring  president  of  the  American  Chemi- 
cal Society  President  Venable  presented  an  interesting  his- 
torical account  of  the  early  days  of  chemical  research  in  this 
country,  the  development  of  chemical  societies  and  the  publi- 
cation of  journals  intended  primarily   for  the  stimulation  of 
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research  among  American  chemists.  The  address  closed 
with  an  appeal  for  more  earnest  prosecution  of  research, 
espociallj  by  those  connected  with  educational  institutions. 

"The  Sanitary  Value  of  a  Water  Analysis"  was  discussed 
by  Prof.  Kinnicutt  the  presiding  o£Bcer  of  Section  C.  His 
wide  experience  in  this  important  field  gave  added  weight  and 
interest  to  the  conclusions  he  drew  and  to  the  standards  he 
recommend. 

It  is  difficult  to  make  selections  from  the  long  list  of  papers 
presented.  Some  however  were  more  general  in  their  charac- 
ter than  others  and  aid  thus  in  such  a  selection. 

The  many  sided  claims  of  Agricultural  Chemistry  upon  all 
branches  of  Chemistry  were  ably  set  forth  in  a  paper  by  Dr. 
H.  W.  Wiley  of  the  U.  S.  Bureau  of  Chemistry,  while  Dr.  W. 
L.  Dudley  of  Vanderbilt  University  discussed  "Laboratory 
Designing  and  Construction,"  a  subject  in  which  all  were 
interested  and  on  which  each  chemist  had  his  own  views;  but 
from  the  paper  and  the  discussion  which  followed  valuable 
ideas  were  gained  for  guidance  in  future  laboratory  construc- 
tion. 

Perhaps  the  most  interesting  paper,  recording  the 
results  of  careful  research  in  the  laboratory,  was  that  on 
"Recent  Experimental  Researches  on  Osmosis"  by  Prot.  Louis 
Kahlenberg  of  the  University  of  Wisconsin.  This  work,  to  be 
published  immediately,  promises  to  be  revolutionary.  Prof. 
Kahlenberg  found  in  ordinary  rubber  dam,  such  as  used  by 
dentists,  a  semi-permeable  membrane  which,  unlike  tliose 
used  in  former  experiments  on  osmosis  was  permeable  to  col- 
loids but  impermeable  to  crystalloids.  The  accidental  discov* 
ery  of  the  great  change  in  osmotic  pressure  on  stirring  the 
liquid  lying  nest  to  the  membrane  throws  great  uncertainty 
on  all  results  recorded  hitherto  on  this  subject. 

Prof,  W,  D.  Bancroft  of  Cornell  University  presented  an 
interesting  paper  in  which  was  offered  a  probable  explanation 
of  the  marked  difference  in  behavior  of  electrolytes  in  verr 
dilute  and  in  concentrated  solutions. 
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A  aumber  of  valuable  papers  were  read  by  representatives 
of  the  U.  S.  Bureau  of  Sails.  While  far  from  complete  it 
seems  reasonable  to  hope  that  the  work  now  being  conducted 
by  this  Bureau  will  yet  throw  valuable  light  upon  the  whole 
subject  of  artificial  fertilization  of  soils. 

Hearty  endorsement  was  g-iven  both  by  the  American 
Chemical  Society  and  by  Section  C  to  the  efforts  of  the  Com- 
mittee of  Manufacturers  "in  urging  the  passage  of  an  act 
through  Congress  providing  for  the  sale  of  tax-free  alcohol 
under  proper  restriction."  The  inability  at  present  to  secure 
such  tax-free  alcohol  is  most  largely  responsible  for  the  fact 
that  many  of  our  manufacturers  of  chemical  products  can  not 
compete  successfully  with  the  manufacturers  of  "Germany, 
France  and  England  where  the  laws  permit  the  sale  of  tax- 
free  alcohol  for  use  in  the  arts  and  industries. 

This  short  sketch  will  not  permit  of  more  detailed  discus- 
sion of  the  program,  but  no  account  of  a  meeting  of  chemists 
would  be  complete  without  some  word  about  the  excursions 
which  constitute  such  pleasant  additions  to  the  program, 
affording  the  members  opportunity  for  inspecting  chemical 
operations  on  a  commercial  scale  and  at  the  same  time  easy 
means  for  getting  into  closer  personal  touch  with  each  other 
The  chief  object  of  interest  at  New  Orleans  was  the  Sugar 
Experiment  Station  at  which  was  exhibited  every  stage  of 
the  sugar  industry  from  the  cutting  of  the  cane  in  the  fields 
to  the  barrelling  of  the  pure  white  sugar.  The  quaint  char- 
acter of  the  old  Preach  Quarter  of  New  Orleans  interested 
all. 
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THE  CEMENT  GOLD  ORES  OF  DEADWOOD,  BLACK 
HILLS.  SOUTH  DAKOTA. 


BT  JOSBPB   HVDB  PBATT- 


The  ore  deposits  of  the  Black  Hills  tbat  are  known  as  the 
'*Cement  Gold  Ores"  or  "Fossil  Placer"  are  to  a  certain 
extent  peculiar  to  this  g-eaeral  section  of  South  Dakota  and 
are  in  reality  old  auriferous  placer  deposits  whose  constituent 
sands  and  pebbles  have  become  tightly  cemented  together 
with  silica  and  iron  oxide,  forming  such  a  hard,  compact  rock 
that  now  as  they  break  the  Hue  of  fracture  is  just  as  apt  to 
pass  through  the  pebbles  of  the  conglomerate  as  the  cement- 
ing material.  The  conglomerates  of  which  the  cement  gold 
ores  are  a  part  are  found  over  quite  an  extensive  area  as  the 
basal  portion  of  the  Cambrian  strata,  but  in  most  of  the  areas 
where  they  have  been  observed,  they  are  but  a  few  feet  la 
thickness  and  carry  little  or  no  gold.  There  are  two  areas, 
one  in  the  vicinity  of  Spearfish  Canyon  and  the  other  in  the 
vicinity  of  Lead,  about  3  miles  west  of  Deadwood,  where  the 
conglomerate  reaches  a  thickness  of  from  20  to  40  feet.  It  is 
the*  latter  locality,  however,  where  the  conglomerates  are 
auriferous. 

These  conglomerates  in  the  vicinity  of  Lead,  Lawrence 
County,  designated  as  the  "Deadwood  Cement  Gold  Ores" 
have  been  found  over  an  area  but  a  few  miles  in  length  and 
one  mile  in  width  which  is  exposed  as  isolated  areas  extend- 
ing from  just  south  of  the  city  of  Lead  in  a  northerly  direc- 
tion across  Bobtail  Gulch,  Sawpit  Gulch,  through  the  small 
town  of  Central  and  across  Blacktail  Gulch,  making  a  total 
distance  of  something  over  2  miles  In  this  direction.     They 
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are  exposed  on  eacb  side  ot  this  line  at  intervals  so  that  the 
total  width  is  about  one  mite.  These  con g'lomerates  through- 
out this  area  var^  considerably  in  thickness  and,  although 
they  are  all  auriferous,  they  vary  widely  in  the  value  of  their 
gold  contents  and  it  is  only  in  a  comparatively  small  portion 
of  this  area  that  they  are  of  economic  importance.  The  most 
extensive  mininj^  has  been  done  on  the  slopes  of  the  moua- 
tains  rising  on  both  sides  of  Blacktait  Gulch  in  what  is 
known  as  the  Whitewood  Mining  District.  These  cement 
gold  ores  rest  unconformably  on  the  old  Algonkian  schists 
and  slates  which  are  tilted  at  very  steep  angles  and  they  have 
been  derived  from  the  destruction  and  the  erosion  of  the  auri- 
ferous quartz  seams  and  veins  that  these  schists  contained.  la 
the  erosion  of  these  schists  there  has  been  left  a  very  uneven 
surface  with  ridges  aid  shallow  depressions  that  have  been 
subsequently  covered  with  gravels,  which  have  produced  the 
placer  deposits.  These  are  lying  conformably  with  the  sand- 
stone and  quartzite  above.  These  latter  rocks  are  capped  by 
a  flow  of  porphyritic  rock  in  some  cases  a  phonulile,  which 
was  the  last  rock  formed  and  was  intruded  through  the 
schists,  conglomerate  and  quartzite  as  dikes,  chimneys  and 
laccolites. 

The  history  of  these  rocks  would  read  something  as  follows: 
The  old  Algonkian  schists  and  slates  which  contained  the 
auriferous  seams  and  veins  of  quartz,  were  subjected  to  con- 
stant erosion  during  the  early  Silurian  period,  yielding  sands, 
gravels,  etc.,  which  in  time  formed  the  conglomerate,  sand- 
stones, imposed  thereon,  which  are  a  part  of  the  Cambrian. 
During  the  formation  of  the  Cambrian  rocks  the  Algonkian 
rocks  of  this  section  were  not  submerged,  although  the 
^gonkian  land  was  slowly  subsiding.  These  gravels  or 
conglomerates  have  been  partially  formed  by  the  action  of 
shallow  seas,  but  they  are  also  the  result  of  erosion  by 
streams  and  rivers,  in  the  same  manner  as  ordinary  placer 
deposits  that  are  now  being  worked  by  hydraulic  methods 
were  formed.     In    many  cases  the  old  water  courses  can  be 
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distinctly  traced,  as  they  are  exposed  in  mining  the  conglom- 
erates. These  Algonkian  rocks  were  exposed  as  a  rugged 
island  with  perhaps  the  highest  point  toward  Harney  Peak  to 
the  south,  and  in  this  direction  the  present  cement  beds  have 
a  tendency  to  become  thinner.  This  whole  Algonkian  area 
was  finally  submerged  and  when  it  was  raised  again  above 
the  surface,  the  overlying  rocks  were  not  disturbed  or  tilled 
to  any  considerable  extent.  Later  the  schists,  conglomerates 
and  sandstones  were  cut  by  intrusions  of  quartz-porphyry  and 
phonolite,  partly  in  the  form  of  dikes  and  as  laccolite  or  sheet 
flows,  so  that  at  the  present  time  the  rocks  are  capped  by  the 
eruptives.  These  intrusions  have  metamorphosed,  somewhat, 
the  conglomerates  and  sandstones,  partially  coni/erting  them 
into  quartzite-cooglomerate  and  quartzite.  These  intrusive 
flows  also  penetrated  laterally  into  the  rocks  forming  thin 
sheets,  varying  from  a  few  inches  to  several  feet  in  thickness. 

While  the  different  strata  of  sandstones  and  conglomerates 
are  lying  conformably  with  each  other,  the  lower  stratum  of 
conglomerate  is  lying  unconformobly  upon  the  Algonkian 
slates  and  schists. 

While  all  of  these  cement  ores  carry  gold  values  to  some  ex- 
tent, they  are  found  to  be  richer  insomeportions  than  in  others. 
There  are  deep  channels  between  rims  of  the  schist  which 
carry  the  greater  amount  of  gold,  and  as  the  conglomerate  is 
mined  toward  these  rims  it  becomes  thinner  and  thinner  with 
diminishing  values.  These  ancient  channels  were  the  natu- 
ral lines  of  concentration. 

These  sedimentary  and  metamorphosed  rocks  have  a  gen- 
eral northerly  course  and  are  dipping  in  the  same  direction  at 
a  very  flat  angle  (about  12  degrees),  while  the  schists  are 
dipping  easterly  at  very  steep  angles.  At  the'  Homestake 
mine  the  small  amount  of  cement  or  conglomerate  ore  that 
was  encountered  was  near  the  summit  of  the  hill  in  which  are 
the  immense  open  cuts  of  this  mine.  The  conglomerate  at 
the  Homestake  was  thin,  but  becomes  thicker  toward  Black- 
tail  Gulch  to  the  north  and  at  the  Phoenix  and  Jupiter  minev 
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it  is  as  much  as  40  feet  tbick  and  700  feet  below  the  siunmit 
of  the  ridgfe.  The  thickness  of  these  conglomerates  rises 
from  a  few  feet  where  they  are  just  above  some  of  the  rims  of 
th«  schists  to  about  40  feet,  measured  from  the  lowest  point 
in  the  channel  to  Bessie  Gulch.  It  is  the  few  lower  feet  that 
are  carrying  most  of  tbe  values,  and  that  in  direct  contact 
with  the  schist,  which  would  correspond  in  an  ordenary  pla- 
cer deposit  to  the  gravel  resting  on  bed  rock,  contains  most 
of  the  gold.  It  is  therefore  essentia)  in  mining  these  cement 
or  conglomerate  ores  to  clean  up  carefully  all  tbe  fines  and 
gravel  resting  on  the  schist  and  a  few  inches  of  tbe  schist 
itself.  Then  again,  the  better  values  will  be  apt  to  be  found 
in  the  troughs  and  depressions  of  the  schist  rock  and  have  a 
tendency  to  become  less  and  less  toward  the  rims  of  the 
troughs  or  channels.  Also  any  slight  protuberance  in  the 
schist  which  may  rise  even  but  an  inch  or  two  above  the  gen- 
eral level,  will  have  acted  as  ripples  and  thus  have  retarded 
the  fall  of  the  gold. 

There  has  been  some  deposition  of  sulphides  carrying  gold 
in  these  conglomerates  after  their  formation;  but  the  larg^ 
portion  of  the  gold  is  the  free  gold  that  was  deposited  in  the 
original  placer  deposits. 

It  is  essential  in  estimating  the  value  of  deposits  of  this 
character  to  determine  to  what  distance  from  the  enriched 
portions  or  channels  and  what  thickness  this  material  can  be 
mined  and  milled  as  a  profit.  Thus  to  satisfactorily  sample 
this  ore,  it  must  be  so  opened  up  that  it  can  be  done  from  and 
including  a  portion  of  the  bed  rock  upwards  for  a  distance  of 
at  least  5  feet  as  this  thickness  of  material  must  be  removed 
in  ordinary  mining. 

Another  possibility  in  connection  with  the  mining  of  these 
cement  ores  is  that  of  encountering  workable  deposits  of  the 
gold-bearing  schist.  The  general  strike  of  the  band  of  aurif- 
erous schist,  upon  which  is  located  the  Homestake  mine 
would  indicate  that  it  would  pass  about  yi  mile  to  the  north- 
West  of  His  main  deposits  of  cetocat  ores;  but  the  strike  of  the 
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auriferous  scbists  encountered  in  the  Caledonia  mine  is  N.  15* 
W.  and  its  extension  would  pass  almost  directly  under  the 
cong-lomerate  of  Blacktail  Gulch.  In  only  a  few  instances 
have  the  underlying  schists  of  these  cement  ore  mines  been 
tested,  but  in  a  number  of  cases  where  this  has  been  done, 
fair  values  have  been  obtained.  In  testing  the  schists  care 
must  be  taken  to  reach  a  sufficient  depth  before  sampling  so 
as  to  be  beyond  the  influence  of  the  gold  that  may  have  pene- 
trated into  the  schist  from  the  placer  deposits. 

It  has  been  estimated  that  $1,500,000  has  been  taken  from 
these  conglomerate  or  cement  ores  in  the  early  mining;  and 
in  the  aggregate  there  is  still  a  larger  value  in  these  deposits. 
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CHEMICAL  RESEARCH  IN  AMERICA.* 


PRAMCI3  p.    VKNABLB. 

At  the  last  meeting  of  the  American  Chemical  Society,  held 
in  June  at  Buffalo,  the  secretary  called  for  reports  from  vari- 
ous educational  institutions  as  to  the  investigations  then  in 
progress  in  their  laboratories,  I  was  much  struck  by  three 
things  connected  with  these  reports.  The  large  number  of 
institutions  reporting,  the  wide  field  covered,  analytical,  inor- 
ganic, organic,  physical,  physiological,  technical  and  the  high 
grade  of  the  work.  These  reports  promise  to  be  one  of  the 
most  interesting  features  of  future  meetings,  and  the  thought 
how  meagre  such  details  would  have  been  a  decade  or  so  ago 
has  led  me  to  devote  this  presidential  address  to  a  discussion 
of  the  progress  in  chemical  research  in  America. 

It  is  to  be  expected  that  a  people,  thinly  scattered  over  a 
vast  area  of  new  and  unbroken  country,  confronted  with  the 
problems  and  difficulties  of  a  nation  just  emerging  from  its 
birth  throes,  would  have  little  time  to  give  to  the  arts  and 
sciences,  and  yet  the  impetus  from  the  wonderful  discoveries 

*Preridentud  address  delivered  at  the  New  Orleans  Meeting  ol  tbs 
American  Gbemioal  Society,  December  80,  1906. 

Printed  Jmie  31st. 
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of  Priestly,  Scheele,  and  Cavendish  and  the  splendid  work  of 
Lavoisier,  with  his  revolutionary  deductions,  crossed  the  ocean 
and  found  its  echoes  in  our  wilderness.  That  Priestly,  one  of 
the  greatest  of  these  heroes  of  chemistry,  should  have  been 
forced  to  flee  from  his  native  land  and  find  refugfe  on  these 
shores  and  should  have  continued  his  work  here  for  a  time 
brought  the  great  movement  nearer  home  to  us.  It  is  a  pleas- 
ure to  note  the  appreciation  of  his  work  shown  by  the  offer  of 
the  chair  of  chemistry  in  the  University  of  Pennsylvania,  the 
first  institution  in  this  country  to  show  an  active  interest  in 
the  development  of  chemical  science,  and  the  first  one  to  have 
a  distinct  professor  of  chemistry  in  the  person  of  the  celebra- 
ted Dr.  Benjamin  Rush,  whose  appointment  dated  from  1769. 

This  interest  took  active  shape  in  the  formation  of  the  earl- 
iest  known  chemical  societies.  The  Chemical  Society  of  Phil- 
adelphia  was  "instituted"  in  1792,  forty-nine  years  before  the 
founding  of  the  London  Chemical  Society,  the  first  one  to  be 
established  in  Europe.  Its  first  president  was  Dr.  James 
Woodhouse,  professor  of  chemistry  in  the  University  of  Penn- 
sylvania, and  Priestly  was  one  of  the  members.  Probably  the 
most  important  paper  brought  before  it  was  one  by  Robert 
Hare  on  the  "Discovery  of  Means  by  which  a  Greater  Con- 
centration of  Heat  Might  Be  Obtained  for  Chemical  Purposes," 
In  this  he  announced  his  invention  of  the  oxy-hydrogen  blow- 
pipe— called  by  him  the  "hydrostatic  blowpipe."  Hare  was 
then  only  twenty  years  of  age.  Later  he  t>ecame  professor  of 
chemistry  in  the  medical  school  of  the  University  of  Pennsyl- 
vania and  had  a  distinguished  career  as  an  author  and  chem- 
ist. 

Id  1811  there  was  founded  by  "a  number  of  persons  desir- 
ous of  cultivating  chemical  science  and  promoting  the  state 
of  philosophical  inyuiry"  the  Columbian  Chemical  Society  of 
Philadelphia.  The  patron  was  Thomas  Jefferson,  the  presi- 
dent was  James  Cutbush,  professor  of  natural  philosophy, 
chemistry,  and  mineralogy  in  St.  John's  College,  and  the  mem- 
bership seems  to  have  been  drawn  from  a  wide  area,    as  we 
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find  among  them  Archibald  Bruer,  professor  of  mineralogy 
in  Columbia  CoUeg-e,  New  York;  Thomas  Cooper,  afterwards 
professor  of  chemistry  and  president  of  South  Carolina  Col- 
lege; Edward  Cutbush,  professor  of  chemistry  in  Columbian 
University,  Washington;  de  Butts,  of  the  college  of  Maryland; 
Jackson,  of  Athens  College,  Ohio;  MacLeaa,  of  Princeton; 
Silliman,  of  Yale;  Troost,  of  Nashville,  etc.;  truly  a  national 
society  and  the  first  national  society  with  a  distinguished  roll 
of  foreign  members. 

The  Delaware  Chemical  and  Geological  Society  was  organ- 
ized in  1821.  It  was  much  more  local  in  character  and  soon 
died  for  lack  of  support. 

The  papers  presented  before  these  societies  are  largely  dis- 
cussions of  the  discoveries  or  views  of  European  chemists  or 
are  of  a  speculative  character.  Analyses  are  reported  and 
methods  of  analysis  devised,  but  synthetical  research  is  lack- 
ing. Dr.  Bolton,  to  whom  I  am  indebted  for  the  foregoing 
facts  concerning  the  early  American  chemical  societies  (J. 
Am.  Chem.  Soc.  xis.  716),  suggests  various  reasons  for  the 
at)sence  of  research,  but  it  seems  to  me  that  there  is  sufficient 
explanation  in  the  necessityfordevoting  thought  and  strength 
to  the  development  and  building  up  of  a  new  country  and  the 
small  incentive  to  the  search  after  truth  for  the  truth's  sake. 

During  the  first  quarter  of  the  nineteenth  century  while 
European  chemists  were  busied  with  atomic  weight  determi- 
nations, the  testing  of  the  law  of  multiple  proportions,  the 
extension  of  the  list  of  elements  and  the  multiplication  of 
new  compounds,  the  few  American  chemists  who  had  access 
to  laboratories  were  busied  with  the  analysis  of  minerals  and 
natural  waters.  It  must  be  borne  in  mind  that  at  this  time 
there  were  no  public  laboratories  either  in  this  country  or 
abroad  to  which  studcntscouldreadilyfindaccess.  Universities 
did  not  provide  laboratories  for  their  students.  Certain  great 
teachers  abroad,  as  Berzelius  and  Gay-Lussac  had  private  lab- 
oratories but  it  was  extremely  difficult  for  a  young  worker  to 
secure  admission.     The  available  equipment  in  this  country 
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must  have  been  meagre  indeed.  Even  the  illustration  of 
chemical  lectures  by  experiments  was  a  rare  thingf.  Liebig;, 
in  his  autobiographic  fragrment,  writes  of  the  lectures  which 
he  heard  in  Paris  in  1852.  "The  experiments  were  a  real  de- 
lig-ht  to  me,  for  they  spoke  to  me  in  a  langfuage  which  I  under- 
stood and  they  united  with  the  lectures  in  giving  a  definite 
connection  to  the  mass  of  shapeless  facts  which  lay  mixed  up 
in  my  head,  without  order  and  without  arrangement."  It 
was  Liebig  himself  who  a  few  years  later  at  the  University  of 
Giessen  opened  to  students  the  first  public  laboratory  for  re- 
search in  chemistry. 

In  this  country  during  the  second  and  third  quarters  of  the 
nineteenth  century  the  American  Journal  of  Science  furnished 
an  excellent  medium  for  the  publication  of  scientific  papers. 
Established  in  1816  by  Benjamin  Silliman  at  Yale  University, 
it  stood  for  fifty  years  almost  alone  for  the  upbuilding  of  sci- 
entific investigation  in  America  and  can  boast  ninety  years  of 
great  usefulness.  Without  some  such  journal  there  is  little 
encouragement  for  research.  The  scientific  man  finds  a  keen 
delight  in  the  search  of  truth  but  he.also  loves  to  impart  his 
discoveries  to  others  and  to  win  the  commendation  of  those 
who  can  understand  and  appreciate  his  work  and  there  must 
be  some  arena  upon  which  controversies  can  be  fought  out  and 
truth  winnowed  from  the  chaff.  The  chemical  contributions 
to  the  American  Journal  of  Science  have  dealt  largely  with 
the  analysis  of  minerals,  meteorites,  and  waters.  This  was 
especially  true  of  the  first  few  decades. 

Schiffand  Sentini  ( Annalen  228,  72)  mention  as  the  first  work 
in  pure  chemistry  in  America  the  formation  of  a  compound  of 
arsenious  acid  with  potassium  iodide.  This  was  described  in 
the  year  1830  by  J.  P.  Emmett.  He  obtained  the  compound 
in  the  form  of  a  white  crystalline  powder  by  adding  potassium 
iodide  to  a  very  dilute  solution  of  arsenious  acid,  or  potassium 
arsenite  exactly  neutralized  with  acetic  acid.  Emmett  was 
professor  of  chemistry  in  the  University  of  Virginia  from  its 
foundations  in  1825  to  1842,  one  of  the  band  of  brilliant  men 
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broug'ht  over  from  England  by  Mr.  Jefferson  to  aid  in  the  up- 
building of  his  pet  institution.  With  the  exception  of  a  few 
investigations  by  Robert  Hare  and  the  elder  Silliman,  which 
pertained  rather  to  analytical,  technical  and  mioeralogical 
subjects,  the  communication  of  Emmett  belongs  to  the  earliest 
period  of  chemistry  in  North  America. 

It  will  scarcely  repay  us  to  linger  over  the  years  from  1830 
to  1860.  These  were  largely  barren  years.  Not  that  chemi- 
cal research  was  allogether  lacking,  but  it  was  rather  a  dim 
and  uncertain  light  beside  the  shining  of  such  bright,  partic- 
ular stars  as  Dumas,  Thcnard,  and  Marignac  in  Prance,  Gra- 
ham in  England,  Stas  in  Belgfium,  and  Wohler,  Liebig,  and 
Kekule  in  Germany. 

One  name  stands  out  prominently  during  this  period,  con- 
spicuous not  merely  because  of  the  paucity  of  the  work  done 
by  others  but  because  of  the  sterling  character  of  his  own 
work.  This  is  the  name  of  J.  Lawrence  Smith.  According 
to  the  elder  Silliman  the  first  piece  of  elaborate  work  or  re- 
search in  organic  chemistry  by  an  American  was  done  by  J. 
Lawrence  Smith  in  1842.  Smith  was  a  student  of  Emmett  at 
the  University  of  Virginia  and  a  visit  to  Liebig's  laboratory 
at  Giessen  formed  the  turning  point  in  his  life.  His  first  or- 
ganic research  was  entitled:  "The  Composition  of  Products  of 
Distillation  of  Spermaceti."  In  this  he  first  made  known  the 
composition  of  spermaceti  and  set  aside  the  views  of  Chev- 
reul. 

Smith  was  later  professor  of  chemistry  in  the  University  of 
Louisiana,  then  in  the  University  of  Virginia,  and  lastly  in 
the  University  of  Louisville  where  he  furnished  his  private 
laboratory  and  did  most  of  his  work.  He  was  an  untiring 
worker  and  while  much  of  his  time  was  given  to  analyses  of 
minerals  and  meteorites  he  was  also  a  brilliant  investigator. 
In  analytical  work  we  find  him  suggesting  the  use  of  potas- 
sium chromate  for  the  separation  of  barium  and  strontium, 
and  methods  for  the  decomposition  of  silicates,  especially  the 
well  known  methods  for  the  determination  of  alkalies.     Only 
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once  or  twice  did  be  touch  again  upon  orgfanic  chemistry,  the 
subject  of  bis  first  research.  He  contributed  some  siaty  or 
seventy  papers  up  to  1870  and  his  total  contributions  number 
one  hundred  and  forty-five. 

Besides  the  work  of  Lawrence  Smith  during  this  period 
some  excellent  work  was  done  by  Mallet  at  the  University  of 
Alabama,  where  he  was  professor  of  chemistry  and  chemist  to 
the  Geological  Survey  of  Alabama.  Here  he  made  the  first  of 
that  long  and  brilliant  line  of  investigations  upon  the  atomic 
weights — the  first  atomic  weight  work  done  in  America. 
Following  up  the  master  work  of  Berzelius  upon  the  constants, 
Dumas,  Marignac  and  many  others  in  Europe  were  busily  en- 
gaged in  making  new  determinations  of  them  with  all  the  ac- 
curacy possible  from  their  improved  apparatus  and  new 
methods.  In  his  scantily  furnished  laboratory.  Mallet,  a  pupil 
of  Wohler,  gave  himself,  so  far  as  his  many  other  duties  per- 
mitted, to  this  exacting  work,  completing  in  1856  bis  determ- 
ination of  the  atomic  weight  of  lithium  from  the  chloride,  and 
in  1859  the  determination  from  the  sulphate. 

While  not  coming  strictly  under  the  head  of  researches  it 
may  be  mentioned  that  some  interesting  speculations  as  to 
chemical  theories  were  proposed  by  Cooke  of  Harvard  and 
Lea  of  Philadelphia  in  the  fifties  and  we  have  Hinrichs' 
remarkable  deduction  of  the  fundamental  principle  of  the 
periodic  system  that  the  properties  of  the  chemical  elements 
are  functions  of  their  atomic  weights,  drawn  from  the  con- 
sideration of  their  spectra.  The  synoptical  table  of  Gibbs 
of  Charleston  falls  just  beyond  this  period,  but  is  interesting 
to  all  Americans  as  so  closely  paralleling  the  practically  co- 
temporaneous  work  of  Meyer  and  evidently  independent  of  it. 

In  this  diagram,  prepared  for  his  classes  in  1872,  he  made 
use  of  the  spiral  very  much  as  was  done  by  do  Chancourtois, 
Meyer,  and  Mendeleeff,  anticipating  in  a  measure  the  work  of 
Spring,  Reynolds,  and  Crookes.  Further  he  anticipated  some 
of  the  geometrical  work  of  Haugbton,  observing  that  no 
linear  equation  can  be  constructed  to  give  more  than  rude  ap- 
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proximations  of  the  atomic  weig'hts,  and  that  to  contitruct 
curves,  two  points  of  inflection,  or  contrary  curvature,  must 
be  given.  These  are  the  serpentine  cubics  afterwards  worked 
out  by  Haughton. 

It  is  not  a  sufficient  explanation  of  tbe  barrenness  of  this 
period  to  say  that  laboratories  and  other  facilities  were  poor. 
The  absence  of  proper  facilities  had  not  proved  a  bar  in  the 
way  of  some  of  the  greatest  chemists  of  the  century.  The 
spirit  of  investigation  was  lacking  in  our  colleges  and  few  of 
the  teachers  had  the  necessary  training  for  il.  Very  few  in- 
deed were  those  who  bad  received  an  inspiration  by  coming  in 
contact  with  the  great  masters  of  the  science. 

A  few  years  after  the  close  of  the  great  civil  war  American 
students  began  flocking  in  large  numbers  to  the  German  uni- 
versities. A  great  many  of  them  studied  chemistry  under  the 
masters  of  the  science  such  as  Wohler,  Liebig,  Fresenius, 
Kekule,  and  Hoffman.  The  best  laboratories  and  the  most 
enthusiastic  teachers  were  then  to  be  found  in  Germany.  The 
marvellous  development  of  organic  chemistry  offered  a  most 
attractive  field  of  research.  Very  little  attention  was  given 
to  this  branch  of  chemistry  in  America  before  1872  and  the 
facilities  for  investigations  in  organic  chemistry  were  very 
limited.  Such  work  as  was  done  was  still  chiefly  in  tbe  line 
of  mineral  analyses  or  simpler  investigation  among  the  inor- 
ganic Salts.  The  most  important  work  was  the  determina- 
tion of  atomic  weights  and  Americans  may  well  be  proud  of 
their  contribution  to  the  knowledge  of  these  constants,  which 
can  t)e  worthily  compared  with  those  of  any  other  nation. 
Cooke,  Mallet,  Clarke,  Richards,  Morley,  Edgar  P.  Smith  and 
others  have  been  the  leaders  in  this  work,  to  which  some  of 
the  best  laboratories  were  largely  given  up  during  the  last 
quarter  of  the  nineteenth  century. 

The  hundreds  of  young  chemists,  trained  in  the  best  meth- 
ods of  the  Germans  and  inspired  by  their  contact  with  vigor- 
ous original  thinkers,  returning  home,  brought  with  them  an* 
enthusiasm  and  an  impetus  which  has  since  placed  American 
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research  well  to  the  front.  Those  who  had  this  training-  in 
the  first  half  of  the  nineteenth  century  were  comparatively 
few  in  number  but  they  were  practically  the  only  ones  who 
en^ag^d  in  important  investigations.  Cooke,  Mallet,  Law- 
rence Sipith,  and  Wolcott  Gibbs  all  studied  in  German  labor- 
atories. 

Aside  from  occasional  scattered  papers  by  a  student  here 
and  there  the  first  institution  to  send  out  annual  reports  of 
researches  undertaken  in  its  laboratory  was  the  University  of 
Virginia.  These  were  regularly  reported  by  Mallet  in  the 
London  Chemical  News  begrinning  with  the  year  1862,  and 
have  continued  for  thirty-three  years.  In  1877  the  Johns 
Hopkins  University  beg^n  its  work  and  scientific  research  be- 
came an  essential  function  of  every  true  University.  From 
that  year  we  may  date  the  buildings  up  of  the  g^-aduate  depart- 
ments of  our  largfer,  wealthier  institutions  and  the  setting  into 
motion  that  immense  force  which  is  giving  America  its  proper 
place  among'  the  learned  nations  of  the  world — a  force  which 
has  made  Germany  what  it  is  to-day.  Looking  back  over  the 
work  accomplished  it  seems  scarcely  possible  that  this  truly 
great  event  took  place  only  a  little  more  than  twenty-five 
years  ago. 

In  1879  this  University  gave  to  the  growing  body  of  Amer- 
ican chemists  the  first  suitable  journal  for  the  publication  of 
their  researches.  It  is  true  the  American  Chemist,  published 
by  the  Chandlers  in  New  York,  had  made  its  appearance  in 
1871,  but  it  had  failed  to  secure  the  adherence  and  support  of 
more  than  a  small  body  of  chemists  and  had  too  technical  a 
tendency  for  general  support.  It  had  already  passed  out  of 
existence  two  years  before  the  American  Chemical  Journal  ap- 
peared. Prom  the  beginning  the  distinguished  editor  of  the 
latter  journal,  our  former  president,  Ira  Remscn,  President  of 
Johns  Hopkins  University,  and  fully  worthy  of  all  honors 
which  he  has  received,  set  a  high  standard  and  for  twenty-six 
years  has  maintained  its  excellence. 

It  is  difficult  to  overestimate  the  influence  of  such  a  journal 
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upon  the  development  of  research.  At  first  the  regfular  con- 
tributions came  from  a  few  laboratories  only,  notably  the 
Johns  Hopkins,  Yale,  Harvard,  Pennsylvania,  Vir^nia,  and 
Cincinnati.  Speedily  the  number  grew  until  all  parts  of  the 
country  were  represented  and  the  valuable  researches  pub- 
lished placed  th&  Journal  on  a  plane  with  the  best  in  the  old 
world.  It  has  thus  done  more  to  secure  recognition  for  Amer- 
ican research  than  any  other  one  factor. 

There  was  a  crying  need,  however,  for  a  strong  well-org'an- 
ized  chemical  society.  The  memory  of  those  early  Philadel- 
phia societies  has  faded  out.  The  only  common  meeting 
ground  for  chemists  was  furnished  by  the  sub-section  of  chem- 
istry of  the  American  Association  for  the  Advancement  of 
Science  which  did  not  rise,  however,  to  the  dignity  of  a  section 
until  1881.  It  is  true  that  this  became  one  of  the  largest  and 
most  active  sections  of  that  association,  gathering  in  annual 
meetings  a  hundred  or  more  chemists.  It  is  also  true  that 
certain  local  chemical  societies  were  formed,  but  a  national 
society  was  needed  on  the  lines  of  the  English  or  German  or 
French  Societies.  The  social  need  for  such  a  society  for  re- 
ceiving and  entertaining  distinguished  guests  was  especially 
felt  during  the  centennial  year  and  so  in  1876  the  American 
Chemical  Society  was  established  in  New  York  City.  Though 
it  failed  to  receive  hearty  support  at  first  and  t\is  Journal  ap- 
peared with  discouraging  irregularity  aud  a  woeful  paucity 
of  pages,  it  grew  surely  and  the  need  for  it  was  increasingly 
felt.  When  the  happy  idea  of  local  sections  was  evolved 
many  of  the' difficulties  arising  from  the  vast  territory  covered 
by  the  Society  disappeared  and  a  rapid  growth  ensued  which 
has  placed  us  in  the  fore-front  of  national  societies.  The 
Journal  of  the  Society  in  1889  contained  158  pages.  In  1904 
the  total  number  of  pages  exceeded  2300,  nearly  1700  of  these 
t>eing  taken  up  with  original  articles.  The  number  of  mem- 
bers of  the  Society  is  rapidly  nearing  the  3000  mark. 

Besides  the  Journal  of  the  Society  and  the  American  Chemi- 
cal Journal  other  specialized  journals  have  arisen  and  worthily 
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represent  American  research.  Among*  these  may  be  mention- 
ed the  yowrjiti/o/'/'Ays/cii/  Chemistry,  the  Transactions  of  the 
Electro- Chemical  Society ,  the  Chemical  Engineer  and  others. 
The  government  scientific  departments  at  Washingfton  have 
contributed  larg'ely  to  the  sum  total  of  American  research  and 
a  vast  amount  of  investig'ation  in  agricultural  chemistry  has 
been  done  in  the  laboratories  of  the  agricultural  colleges  and 
experiment  stations  established  in  every  state. 

Some  years  ago  it  was  humiliating  to  see  how  the  work  of 
American  chemists  was  almost  completely  ignored  by  foreign 
investigators  and  writers.  It  is  a  source  of  pride  to-day  that 
we  are  pressing  forward  in  every  branch  of  pure  and  applied 
chemistry  and  hold  a  worthy  place  among  those  who  are  ad- 
ding to  the  world's  store  of  knowledge  and  extending  the 
bounds  of  science.  A  disting^uished  European  authority  has 
lately  testified  to  the  growing  strength  of  American  research 
and  the  way  in  which  this  country  is  forging  to  the  front. 
But  the  fact  remains  that  in  these  hundred  years  and  more 
America  has  produced  no  great  chemist,  no  Lavoisier  to  de- 
velop a  new  chemistry,  no  Wohler  to  break  down  old  barriers 
and  add  a  new  realm  to  the  science,  no  Liebig  to  revolution- 
ize the  agriculture  and  industries  of  a  world. 

In  conclusion  let  me  plead  for  the  encouragement  of  research 
among  American  chemists.  I  sometimes  fear  that  the  im- 
mense industrial  development  of  the  country  will  call  away 
our  strongest  and  most  promising  chemists  to  fields  in  which 
the  material  rewards  arc  greater.  And  yet  for  the  success  of 
our  chemical  industries  it  is  imperatively  necessary  that  a 
large  army  of  quiet  workers  should  be  busied  in  investigation, 
in  the  simple  search  after  truth  without  a  dream  of  the  prac- 
tical utilization  of  the  results  obtained.  Theso  are  the  men 
who  patiently  and  laboriously  forge  the  chain,  link  by  link, 
that  leads  to  some  of  the  greatest  economic  changes,  often 
changing  the  industries  of  a  whole  nation.  It  is  chiefly  in 
the  laboratories  of  our  colleges  and  universities  that  these  iu- 
vestigators  must  be  found.     There  alone  can  the  necessary 
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freedom  of  purpose,  of  view  and  of  action  be  preserved. 
Tbere  alone  is  the  truth  all-important  and  the  money  value 
unconsidered.  No  truth  is  insignificant,  no  fact  is  too  trifling' 
to  warrant  observation  and  careful  accounting.  It  was  in  the 
laboratory  of  the  University  of  Giessen  that  Liebig  did  his 
quiet  work  that  made  agriculture  a  science  and  made  possible 
much  of  the  comfort  and  luxury  of  the  present  day.  It  was 
Grael>e  and  his  discovery  of  synthetic  alizarin  in  the  labora- 
tory of  the  University  of  Berlin  which  revealed  the  value  of 
the  almost  useless  coal  tar  and  laid  the  foundations  of  Ger- 
many's great  commercial  growth.  And  many  lesser  cases 
might  be  cited.  The  governments  of  Europe  vie  with  one 
another  in  fostering  chemical  research,  Germany  most  wisely 
doing  this  in  her  universities.  We  as  a  nation  cannot  long 
afford  to  be  behind  them  in  this  matter.  In  the  close  com- 
petition of  the  near  future  we  must  depend  upon  these  toilers 
of  the  laboratories  for  our  supremacy  in  the  world's  markets. 
But  to  my  mind  a  far  stronger  ptea  for  investigation  lies  in 
the  inspiration  which  comes  from  such  work,  the  broadening 
horizon  and  the  fuller  life. 

What  are  the  conditions  necessary  for  chemical  research 
and  can  we  meet  these  conditions  in  most  or  all  of  our  edu- 
cational institutions?  As  the  spirit  of  research  seems  to  have 
developed  with  the  increase  in  wealth  of  our  larger  institu- 
tions, many  have  come  to  regard  research  as  a  prerogative  of 
these  institutions  and  expensive  equipment  as  a  prerequisit<; 
to  it.  Thcidea  is  totally  false  and  calculated  to  do  much  harm. 
It  is  accepted  by  many  who  hold  positions  in  the  smallest  col- 
leges as  an  excuse  for  their  quietly  sinking  into  a  dull  round 
of  routine  and  unproductive  drudgery.  I  do  not  believe  that 
any  teacher  of  science  can  keep  fresh  and  enthusiastic  and 
have  a  touch  of  inspiration  about  him  unless  he  keeps  in 
touch  with  nature  through  personal  investigation  of  her  facts 
and  laws.  And  unless  a  teacher  has  these  qualities  he  is  not 
worth  his  salt  and  should  not  have  the  opportunity  for  dull- 
ing the  originality  of  others.     It  too  often  happens  that  our 
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young  chemists,  having  completed  their  researches  at  some  of 
the  larger  institutions,  published  their  dissertations,  won 
their  doctorates  and  secured  professorships  in  minor  colleges 
stifle  their  consciences  with  the  excuse  that  they  lack  equip- 
ment or  leisure,  give  up  all  idea  of  original  work,  settle  down 
to  a  humdrum  teaching  of  test-books  and  limit  their  ambit- 
ion to  drawing  their  meagre  salaries  and  grumbling  at  their 
poor  opportunities. 

Let  me  tell  you  that  which  is  no  secret  but  is  open  to  every 
one  who  has  studied  the  history  of  the  science,  neither  fine 
laboratory  nor  costly  outfit  nor  abundant  leisure  are  essent- 
ials for  the  search  after  nature's  secrets.  These  are  good  and 
helpful  things  but  the  one  essential  is  the  earnest  investigat- 
ing mind,  enthusiastic,  determined,  and  plucky  in  surmount- 
ing obstacles.  A  quiet  corner,  a  little  apparatus,  some  spare 
time  snatched  from  a  multitude  of  other  duties,  these  will 
suffice  to  give  any  one  the  opportunity  to  show  what  is  in 
him.  If  he  fails  to  avail  himself  of  it,  it  is  a  tacit  confes- 
sion of  his  lack  of  energy,  or  originality,  or  pluck.  He  need 
not  grumble  at  his  meagre  salary.  He  is  getting  more  than 
he  is  worth. 

I  do  not  mean  to  be  unjust  or  harsh  but  when  I  think  of 
the  thousands  of  young  men  who  year  after  year  are  subjected 
to  deadening,  uninspiring,  humdrum  teaching  of  science  and 
are  thus  lost  to  the  ranks  of  our  workers,  and  of  the  possible 
brilliant,  elect  spirits  among  that  number,  I  must  cry  out 
at  the  terrible  waste.  The  field  of  knowledge  is  vast  and 
growing  vaster  with  the  ever  widening  horizon.  The  harvest 
is  plentiful  and  the  call  for  laborers  is  ever  more  insistent. 
It  is  necessary  to  impress  this  great  truth  that  the  true  teach- 
er must  be  a  learner  also,  drawing  constantly  fresh  inspiration 
from  the  fountain  head. 
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THE   CORAL     SIDERASTREA    RADIANS    AND     ITS 
POSTLARVAiv     DEVELOPMENT.* 


H.   V.    WILSON. 

The  Coral  Stderasirea  Radians  and  its  Postlarval  Develop- 
ment. By  J.  E.  Duerden.  Washingrtoo,  U.  S.  A.  Pub- 
lished by  the  Carnegrie  Institution.  December,  1904.  Pp. 
130,  with  11  plates. 

The  handsome  Carnegie  memoir  contains  the  record  of  an 
investigation  begun  at  the  Institute  of  Jamaica  and  subse- 
quently carried  on  at  the  Johns  Hopkins  University  and  the 
American  Museum  of  Natural  History  in  New  York.  The 
author's  prolonged  residence  in  the  West  Indies  gave  him  un- 
usual opportunities  in  the  way  of  command  over  living'  mater- 
ial, and  thememoirmakes  valuable  additions  to  our  knowledge 
on  many  points  of  coral  morphology. 

An  introduction  deals  with  the  systematic  zoology  and  the 
habits  of  the  species  which  is  abundant  and  accessible  in 
Kingston  harbor.  The  form  is  obviously  one  of  those  con- 
venient hardy  types  destined  to  play  a  part  in  laboratory  in- 
vestigations of  histological  and  physiological  character. 
Both  the  adult  colony  and  the  young  polyp  after  metamopfao- 
sis  grow  in  confinement  and  may  be  hand-fed.  There  follows 
an  ample  description  of  the  anatomy  of  the  adult.  The 
species,  like  other  West  Indian  corals,  is  possibly  protogy- 
nous,  although  Professor  Duerden  calls  to  mind  that  Gardiner 
has  established  the  converse  phenomenon,  protandry  for  Fla- 
bellum.  Duerden  takes  up  the  question  as  to  the  way  in 
which  the  coral  skeleton,  as  a  product  of  cellular  activity,  is 

,  ,V.  ,S.,  Vol.  XXIIl.,  No,  687,  Pages  497-4B8, 
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produced.  He  confirms  Miss  Ogilvie's  observation  that  the 
corallum  can  be  seen  in  favorable  parts  of  the  adult  and 
younff  polyps  to  be  composed  of  minute  skeletal  units  of  a 
polygonal  shape  and  exhibiting  a  (ibro-crystalline  structure. 
But  whereas  Miss  Ogilvie  interpreted  these  bodies  as  actual 
celts  which  were  produced  through  the  proliferation  of  the 
ectoderm,  becoming  calcified  as  fast  as  produced,  Duerden  re- 
gards them  as  secretory  products  which  are  laid  down  wholly 
eicternal  to  the  ectodermal  cells.  In  support  of  this  view, 
essentially  that  advanced  by  von  Koch,  Duerden  finds  that 
the  layer  of  eatoderm  concerned  in  the  production  of  the 
skeleton  is  always  a  simple  layer,  and  that,  moreover,  it  is 
always  separated  from  the  corallum  by  a  homogeneous  meso- 
gtoca-like  stratum.  It  is  in  this  stratum  of  homogeneous 
matrix  that  the  author  believes  the  calcareous  crystals  form- 
ing the  skeleton  arc  first  deposited. 

A  third  section  deals  with  the  post-larval  development. 
The  larva;,  of  the  usual  coral  type,  were  obtained  in  July,  and 
were  kept  under  continuous  observation  for  some  months 
after  attachment.  Many  valuable  facts  concerning  the  sue* 
cession  of  the  tentacles,  mesenteries  and  various  parts  of  the 
corallum  are  recorded  in  this  section.  A  feature  of  interest 
lies  in  the  attention  paid  to  individual  polyps.  The  partial 
transparency  of  the  young  animal  permits  of  instructive  views 
during  life,  and  thus  in  one  and  the  same  individual  the  cor- 
related development  of  the  various  organs  could  be  followed 
from  day  to  day.  A  result  of  this  method  was  that  periods 
of  rapid  growth  and  relative  rest  could  be  distinguished. 
The  author  points  out  that  a  phylogenetic  significance  pos- 
sibly attaches  to  some  of  the  more  persistent  stages,  such  as, 
for  instance,  that  in  which  complete  pairs  of  mesenteries 
(directives)  are  found  at  the  two  ends  of  the  oesophagus,  with 
two  pairs,  each  consisting  of  a  long  (complete)  mesentery 
and  a  short  one.  on  each  side  of  the  (x.'sophagus.  This  con- 
dition continued  unchanged  for  a  period  varying  from  three 
weeks  to  three  months.     The  author's  theoretical  views  as  to 
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the  meaning  of  this  particular  stage  are  summed  up  as  fol- 
lows: 

The  louff  reteutioii  or  freedom  of  the  fifth  Riid  sixth  pairs  of  protociiemM 
Boggeets  to  my  mind  tui  ftnceBtiy  in  which  the  mtsHenteriea  ne  a  whole, 
inolnding  th»  inetscnemeii.  were  ttlternBtflly  long  and  Bbort,  exclndiug,  of 
oonTHe,  the  axi&l  directiTes.  Among  modern  examples  this  is  retained  in 
the  menesterial  srstem  of  the  Boanthidfl,  Furiin,  and  MndrrfHim^  aud  was 
perbape  characteristic  of  the  Rugoaa, 

The  building-  up  of  the  corallum  is  followed  out  in  detail 
through  the  formation  of  the  third  cycle  of  permanent  septa. 
Among  the  illustrations  of  this  part  of  the  work  special  mention 
is  due  the  microphotographs  of  macerated  skeletons  of  devel- 
oping polyps,  and  the  figures  of  living  polyps  with  the  be- 
ginning skeleton  in  situ.  Much  interest  attaches  to  Professor 
Duerden's  account  of  the  development  of  the  septa.  It  has 
been  hitherto  assumed  that  the  septa  of  a  new  cycle  appear  in 
the  exocreles  (/,  e.,  the  space  between  two  pairs  of  mesenter- 
ies), hut  are  later  embraced  by  the  newly  appearing  pairs  of 
mesenteries  in  such  wise  as  to  lie  in  the  entocGeles((.  e.,  the 
space  between  the  mesenteries  of  a  pair).  Thus  the  same 
septa  would  be  first  exocoelic  and  then  entocoelic.  In  opposi- 
tion to  this  scheme  Diferden's  observations  lead  him  to  the 
concision  that  white  exosepta  are  formed  in  successive  cycles, 
they  never  become  entosepta.  The  cycles  of  entosepta  are 
strictly  new  formations,  appearing  as  do  the  primary  six 
septa  in  entocoelic  spaces.  The  succession  of  the  cycles  of 
exoctelic  septa  is  maintained  through  the  continued  periphe- 
ral bifurcation  of  preexisting  exocoelic  septa.  The  bifurcated 
extremities  become  the  (exocoelic)  septa  of  a  new  cycle,  while 
the  main  septum  is  incorporated  in  the  growing  t>ody  of  one 
of  the  last  formed  cycle  of  entosepta.  Having  respect  only 
to  the  actual  facts  as  observed  in  Siderastrea,  it  has  been 
found  that  any  one  of  the  permanent  septa,  later  than  the  6rst 
six,  has  a  double  origin.  It  is  in  part  a  new  formation  (ento- 
coelic), and  in  part  a  preexisting  formation  (exocoelic).  The 
two  parts  fuse,    and   the  fusion   is  interpreted   by  Professor 
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Duerden  as  the  incorporation  by  a  growing  organ  of  the  rem- 
nant of  a  vanishing  organ.  In  a  developing  corallum  accord- 
ing  to  this  view  exosepta  are  formed  at  each  stage  of  growth, 
only  to  disappear  as  the  permanent  septa,  entosepta,  come 
into  existence.  Thus  the  development  of  coral  septa  affords 
an  excellent  example  of  substitution:  temporary  organs  pre- 
cede and  arc  replaced  by  permanent  organs  performing  the 
same  function  as  the  former.  As  a  corollary  to  this  conclu- 
sion the  author  expresses  his  belief  that  the  exoseptal  prede- 
cessors of  the  permanent  septa  do  not  wholly  disappear  in  all 
corals,  as  independent  structures,  but  persist  in  some  species 
in  the  shape  of  thepaU  found  in  front  of  the  larger  septa. 


idbyGoOglC 


THE  SOURCE  OF  THE  SUN'S  HEAT.* 


Doubtless  tlie  sun  is  now  receiving  more  expert  attention 
than  any  other  single  object  in  the  material  universe. 

The  world's  telescopes  daily  confront  it.  At  the  Solar 
Observatory  in  Washington  it  is  questioned  almost  hourly  by 
Langley's  exquisitely  sensitive  bolometer — sensitive  to  the 
one-millionth  part  of  a  centigrade  degree.  At  Williams  Bay, 
with  the  Yerkes'  forty-inch  telescope  and  Hale's  marvelous 
spectroheliograph,  its  entire  disk  is  photographed  day  by  day, 
giving  a  permanent  record  of  changes  in  the  spots  and  facu- 
lac  of  the  photosphere,  and  of  the  slow  or  rapid  mutations  in 
both  the  quiescent  and  the  eruptive  prominences  of  the 
chromosphere.  And  on  Mt.  Wilson  near  Los  Angeles,  Cali- 
fornia, is  a  veritable  Sunbeam  Laboratory -the  unique  Solar 
Observatory  of  the  Carnegie  Institute.  It  is  a  long,  low, 
multiple-walled,  canvas  structure.  At  one  end  a  great  clock- 
controlled  heliostat  steadily  reflects  sunbeams  horizontally  to 
the  far  end  mirror  which  returns  them  to  its  distant  focus, 
forming  there  an  exceptionally  large,  well  defined  image  of 
the  sun.  This  faithful  image  can  be  patiently  scrutinized  the 
day  long,  and  its  every  detail  permanently  mapped  by  a  five- 
foot  spectroheliograph — the  largest  yet  constructed. 

ESTABLISHED   PACTS. 

Since  Galileo's  embryo  telescope,  three  centuries  of  persis- 
tent effort  have  built  a  secure  scaffolding  for  intelligent 
approach  to  the  distant  sun — a  scaffolding  of  established  facts. 
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1.  The  sun's  parallax  is  now  known  to  within  two-hun- 
dredths  of  a  second,  its  apparent  diameter  to  within  two  sec- 
onds. These  measurements  show  that  its  diameter  is  109^ 
times  the  earth's  diameter;  and  that  its  distance  from  us  is 
not  quite  ninety-three  million  miles. 

2.  Since  the  volumes  of  g;lobes  compare  as  the  cubes  of 
their  diameters,  the  sun  is  more  than  a  million  times  larger 
than  this  earth.  In  mass  or  weight,  however,  it  is  only 
332,000  times  greater.  Its  density,  therefore,  is  only  one- 
fourth  of  the  earth's — or  not  quite  one  and  a  half  times  the 
density  of  water. 

3.  Gravity  at  the  surface  of  a  globe  depends  on  its  mass 
divided  by  the  square  of  its  radius.  At  the  sun's  surface 
therefore,  gravity  is  nearly  28  times  greater  than  gravity  at 
the  earth's  surface. 

That  is,  if  a  common  brick  here  weighs  7  pounds,  on  the 
sun  it  would  weigh  200  pounds.  A  brick  there  would  weigh 
as  much  as  a  barrel  of  flour  here! 

LOOK   AGAIN  AT  THESE   FACTS. 

The  sun's  size: — a  vast  globe  more  than  three-fourths  of  a 
million  miles  in  diameter.  From  its  centre  to  its  surface  ts 
nearly  twice  the  distance  from  the  earth  to  the  moon! 

The  sun's  mass: — its  immense  volume,  as  shown  later,  is  a 
seething  body  of  commingling  gases — a  great  globe  of  glow- 
ing gas! 

Expanding  gas,  growing  larger  and  larger?  Not  at  all. 
The  expansive  force  lessens  as  the  surface  temperature  is 
lowered  by  the  cold  of  outer  space;  and  it  is  checked  also  by 
the  continuous  inward  pull  of  gravity.  At  a  certain  distance 
from  the  center,  therefore,  the  outward  and  inward  forces 
just  counterbalance,  giving  definite  size  and  boundary  to  the 
vast  solar  globe  of  gas. 

"Light  as  gas?"  Yes.  But  increase  quantity,  and  weight 
increases.     Double,  treble,  multiply  quantity;    and  weight  is 


idbyGoOglC 


jjkkS]         Lannead— Source  of  the  Sun's  Heat.  47 

doubled,  trebled,  multiplied.  The  suo-g-lobeof  gas  weighs  as 
much  as  a  third  of  a  million  worlds  like  ours! 

The  sun's  distance: — ninety-three  million  miles.  Our  best 
modern  rified  artillery  will  throw  a  ball  a  half  mile  in  one 
second. 

At  that  rate  a  cannon  ball  will  go  30  miles  a  minute;  in  an 
hour,  1800  miles;  in  a  day,  over  40,000  miles;  in  a  month, 
more  than  one  and  a  quarter  million  miles.  And  keeping  an 
undeviattng  course  sun-ward  with  unslacked  speed,  the  so 
swift  cannon  ball  would  not  quite  reach  the  sun  in  six  years! 

At  that  unthinkable  remoteness,  we  yet  feel  here  its  pant- 
ing July  heat.  There,  yonder — beyond  the  swift  missile's 
six  year  fiight — at  the  sun,  on  its  hot  surface,  how  hot? 

NATURE  OF   HEAT. 

Facts  in  regard  to  the  sun's  heat  have  been  reached  slowly 
because  of  peculiar  difficulties  due  to  the  nature  of  heat.  It 
is  not,  as  once  held,  the  fourth  form  of  elementary  matter — 
earth,  water,  air,  fire — nor  yet,  the  subtile  matter,  "caloric", 
of  a  century  ago. 

Indeed,  though  intimately  associated  with  all  forms  of 
matter,  heat  itself  is  not  matter.  It  is  force — energy — the 
force  or  energy  of  the  constituent  particles  of  either  solids, 
liquids,  or  gases  when  the  particles  are  in  rapid  motion— in 
minute,  invisible,  intense  vibration. 

Matter  may  be  opaque  or  transparent.  We  perceive  its 
heat  by  the  sense  of  touch.  Heat  is  recognized  not  visually, 
but  palpably.     It  is  felt. 

As  the  feeling  of  warmth  is  the  effect  of  the  intense,  invis* 
ible  activity  of  the  constituent  particles  of  matter,  so  that  of 
coldness  results  from  their  inactivity — their  stillness. 

Every  hot  body  tends  to  coldness  because  its  hedged-in 
multitudes  of  agitated  particles,  by  the  resistance  of  their 
recurring  collisions,  gradually  settle  towards  rest. 

Meanwhile,  the  molecular  vibrations,  imparted  to  the  adja- 
cent all  prevading  ether,  are  transmitted  radially  to  distant 
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bodies,  communicating:  vibratory  motion  to  their  particles. 
Thus  a  cold  body  may  receive  radiated  heat  from  a  distant 
hot  l>ody. 

Air  waves  bring  us  the  musical  vibrations  of  a  distant  bell, 
and  its  pleasing  sounds  are  reproduced  in  our  aural  nerves. 
Ether  waves  bring  us  the  vibrations  of  a  distant  hot  body, 
and  its  heat  is  reproduced  in  our  tactile  nerves. 

Usually  heat  is  produced  in  either  of  two  ways,  mechani- 
cally or  chemically. 

The  heat  of  combustion  in  a  wood  or  coal  fire,  or  in  a  can- 
dle, is  produced  by  the  avidity  of  the  oxygen  particles  of  the 
air  for  the  constituent  particles  of  the  fuel.  Their  clashings 
in  chemical  union  maintain  that  atomic  commotion  which 
constitutes  the  heat  of  the  fire  or  of  the  candle  flame — heat 
produced  chemically. 

Hammer  vigorously  a  cold  anvil.  Both  anvil  and  hammer 
become  hot.  The  checked  energy  of  the  descending  hammer 
is  reproduced  in  the  invisible  commotion  of  the  iron's  particles. 
Energy  of  mass  is  transformed  into  energy  of  molecules,  into 
heat — heat  produced  mechanically. 

Force,  like  matter,  is  indestructible.  This  is  the  g:ist  of 
the  broad  physical  law  of  the  conservation  of  encrgj'.  If  any 
force  is  seemingly  annulled,  Proteus-like  it  reappears  in  a  new 
form — or,  it  is  stored  for  future  delivery. 

The  mechanical  power  of  Niagara's  water  becomes  in  the 
shafts  crowning  dynamo  electric  power.  And  that  electric 
power  at  Niagara  becomes  in  distant  Buffalo  light  energy,  or 
heat  energy,  or  again  motive  power, 

From  yonder  far  off,  hot  sun  comes  radiated  heat;  from 
this,  our  tropic  and  temperate  heat,  our  wind  and  water 
power,  and  plant  and  animal  energy;  indeed,  all  terrestrial 
activity — from  the  modest  up-peep  of  tiniest  grass-blade,  to 
the  proud  coursing  high  over  continents  and  seas  of  the  com- 
ing air-ship  I 

AMOUNT  OF    sun's    HEAT. 

The  elder  Herschel  was  the  first  to  investigate  the  universe 
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of  stars  and  nebulae.  His  illustrous  son  in  1838  took  the 
first  well  directed  step  in  the  study  of  the  sun's  heat. 

A  sunbeam  of  a  known  section,  imparting  its  heat  to  a 
definite  weight  of  water,  raising  its  temperature  an  observed 
number  of  degrees,  in  a  certain  length  of  time,  gave  the 
coveted,  fundamental  data. 

Namely,  the  amount  of  heat  received  on  a  square  foot  of 
surface  in  one  minute — taking  as  a  unit  of  heat,  the  heat 
which  raises  a  pound  of  water  one  degree  Fahrenheit. 

He  found  that  the  heat  received  at  the  earth  from  the  sun 
in  the  zenith,  is  sufficient  to  melt  an  inch-thick  layer  of  ice  in 
2  hours  and  13  minutes. 

That  is,  if  an  inch-thick  shell  of  ice  encompassed  the  sun, 
distant  from  its  centre  in  all  directions  93  million  miles,  that 
immense,  remote  ice  shell  would  all  be  melted  in  2  hours  and 
13  minutes. 

With  Young,  our  highest  authority  on  solar  facts,  fancy 
such  an  inch>thick  shell  of  ice  kept  intact  and  drawn  inward 
toward  the  sun,  all  the  while  containing  the  same  quantity  of 
ice,  becoming  thicker  as  it  lessens  in  size.  When  it  touches 
the  sun's  surface,  its  thickness  will  exceed  one  mile. 

That  vast,  solid  glacier  embracing  the  sun,  at  every  point 
over  one  mile  high,  would  all  t>e  melted  by  the  the  sun's  heat 
in  2  hours  and  13  minutes.  It  would  melt  a  layer  about  40 
feet  thick  each  minute ! 

All  honor  to  Herschel's  conception  and  achievement.  His 
method  was  perfect,  but  not  his  instruments.  Better  means 
now  prove  that  the  sun  radiates  from  its  entire  surface  in  one 
minute  enough  heat  to  melt  encasing  ice  64  feet  thick  I 

TEMPHRATUBK  OF  THB  SON. 

Within  experimental  limits  Stephan's  thermal  law  holds; 
namely,  that  the  rate  of  heat  radiation  is  as  the  fourth  power 
of  the  absolute  temperature.  Assuming  it  to  hold  univers- 
ally, this  law  and  the  known  rate  of  sun's  radiation — 500,000 
units  of  heat  per  minute  from  each  square  foot  of  solar  sur- 
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face — give  as  the  sun's  surface  temperature  12000°  F.;  about 
sixty  times  the  temperature  of  boiling:  water! 

With  much  more  certainty  a  lower  limit  to  the  sun's  sur- 
face temperature  has  t>een  found  experimentally. 

Scheiner  bj  ingenious  use  of  the  spectroscope,  comparing: 
lines  of  the  solar  spectrum  with  certain  lines  of  magnesium, 
proved  that  the  photosphere  is  hotter  than  the  electric  arc — 
that  is,  that  its  temperature  is  certainly  above  7000°  P. 

So  also,  the  heat  at  the  focus  of  a  powerful  lens  has  fur- 
nished a  lower  limit  in  a  very  realistic  way. 

The  sun's  rays  received  on  a  lens  or  burning-glass  are  con- 
verged to  its  focus,  producing  at  that  point  a  high  tempera- 
ture. A  point  out  in  space  to  which  the  sun's  rays  naturally 
converge  at  an  angle  equal  to  the  focusing  angle  of  the  lens, 
may  be  termed  the  space-point  of  equal  temperature.  Its  dis- 
tance from  the  sun  is  easily  found.  For  the  ratio  of  that  dis* 
tance  to  the  focal  length  of  the  lens,  is  the  kn&wn  ratio  of  the 
sun's  diameter  to  the  lens'  diameter. 

At  the  focus  of  the  largest  lens  yet  constructed  the  high 
temperature  produced  instantly  melted  and  vaporized  the 
most  refractory  materials — platinum,  fire-clay,  carbon  — 
everything  tested. 

And  its  space-point  of  equal  temperature  is  about  250,000 
miles  from  the  sun's  surface — a  little  further  from  the  sun 
than  the  moon  is  from  us. 

If  then  our  solid  earth  were  placed  at  that  distance  from 
the  sun — a  quarter  of  a  million  miles — it  would  quickly  melt 
— vaporize — vanish ! 

That  certainly  is  the  temperature  at  one-fourth  of  a  million 
miles  from  the  sun.  Still  higher  is  it  at  the  sun's  surface — 
and  inconceivably  higher,  the  internal  temperature. 

SOURCE  OF  THE   HEAT. 

How  does  the  sun  produce  its  enormous  output  of  heat,  and 
maintain  its  inconceivably  high  temperature? 
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Of  four  theories  to  be  considered — if  the  newest  suggesliou 
can  be  called  a  theory — only  oue  is  perfectly  satisfactory, 

1.      THE  COOLING   THEOKV. 

It  is  certain  that  the  hun  is  not  simply  an  intensely  hot 
body  slowly  cooling.  For  in  that  case,  its  materially  lowered 
temperature  after  thousands  of  years  of  human  history  would 
have  caused  decided  climatic  changes.  But  we  know  the 
vine,  the  olive  and  the  palm  are  fruitful  now  just  where  ihey 
flourished  in  the  days  of  classic  writers. 

2.      THE   COMBtrSTION   THEORY. 

It  is  equally  certain  that  the  sun  is  not  simply  burning- up — 
that  its  heat  docs  not  result  from  ordinary  combustion. 

As  estimated  by  Young,  its  continuous  great  yield  of  heat 
coulti  be  produced  by  the  consumption  every  hour  of  a  layer 
of  coal  all  over  the  sun's  surface  nineteen  feet  deep.  That  is, 
by  burning  one  ton  of  coal  hourly  on  each  square  foot  of  the 
sun's  surface. 

Lord  Kelvin  computes  that  were  its  vast  mass  solid  coal 
environed  by  pure  oxygen,  and  yielding  its  heal  by  combus- 
tion, it  would  be  utterly  consumed  in  five  thousand  years.  It 
would,  then,  have  dwindled  more  than  one-third  since  Ptole- 
my's day.  Yet,  in  the  nearly  two  thousand  years  elapsed,  it 
has  certainly  not  diminished  appreciably. 

3.      THE   HADIUM   THEORY. 

Though  not  produced  by  combustion,  the  sun's  heat  is  now 
surmised  by  some  to  be  due  largely  if  not  entirely  to  radium 
— that  most  remarkable  of  known  substances,  discovered  less 
than  eight  years  ago  by  Mme.  Curie. 

Proofs  of  its  properties  are  ably  presented  in  Rutherford's 
"Radio-Activity".  It  is  not  only  self-luminous,  but  is  also 
self-heating,  giving  out  every  hour  enough  heat  to  melt  more 
than  its  own  weight— of  ice — a  fourth  more. 
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It  seems  to  be  a  very  rare  elemeat.  Tons  of  pitchblende 
yield  only  a  few  grains  of  radium. 

But  as  radium  evolves  helium,  aud  helium  is  known  to  be  a 
chief  component  of  the  sun's  chromosphere,  it  is  su^f^ested 
that  the  sun  contains  much  radium. 

Recall  that  the  sun  radiates  from  its  entire  surface  in  one 
minute  enoug'h  beat  to  melt  encasing  ice  64  feet  thick.  With 
this  measure  of  the  sun's  heat,  and  radium's  heat  emission 
per  minute — melting;  one  forty-eighth  of  its  own  weight  of 
ice — as  data,  we  readily  find  that  the  sun's  heat  equals  the 
beat  emitted  by  a  mass  of  pure  radium  weighing  nearly  as 
much  a5  the  whole  earth  weighs.  That  much  of  this  rare 
and  peculiar  clement  in  the  sun — our  world's  weight  of  rad- 
ium— would  yield  its  known  output  of  heal. 

The  surmize  that  such  a  quantity  of  radium  is  there, 
rather  segregates  the  sun  from  common  matter. 

Moreover,  the  properties  of  radium  are  none  too  well 
known. 

At  present,  therefore,  attributing  the  sun's  heat  to  radium, 
is  simply  an  interesting  speculation. 

4.      THE   MBCHANICAL  THEORY. 

There  remains  for  consideration  the  mechanical  origin  of 
solar  heat — that  is,  the  conversion  of  force,  or  the  energy  of 
moving  matter,  into  heat  energy. 

There  can  be  no  doubt  that  many  millions  of  meteoric  bod- 
ies are  hourly  falling  into  the  sun.  We  know  that  something 
like  twenty  million  so-called  shooting  stars  plunge  into  our 
atmosphere  daily.  Their  checked  energy  of  motion  reappears 
in  the  air  as  light  and  heat. 

But  the  heat  thus  imparted  to  our  earth  in  a  year  has  been 
shown  to  be  less  than  we  receive  from  the  sun  in  one  second! 

Incomparably  more  of  these  meteoric  bodies  must  plunge 
into  the  solar  atmosphere  contributing,  however,  compara- 
tively little  to  the  sun's  heat.  For  while  interplanetary 
space,  at  least  as  far  out  as  the  earth's  orbit,  is  threaded  by 
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countless  mctcoroiils,  if  sufficii/ntly  aumcrous  to  produce  by 
impact  on  the  sun  a  large  part  of  its  heat,  the  outlying:  mul- 
titudes would  affect  perceptibly  not  only  the  periodic  comets 
but  also  the  planet  Mercury.  And  no  such  effects  have 
developed, 

Helmholtz's  theory  of  the  mechanical  orig-in  of  solar  heat 
— his  contraction  theory  announced  in  1853 — fully  accounts 
for  the  sun's  heat. 

Recall  that  the  inward  pull  of  gravity  at  the  sun's  surface 
is  nearly  twenty-eight  times  gravity  at  the  earth's  surface. 
Abundant  evidence  furnished  by  the  spectroscope,  and  the 
sun's  known  low  density — not  much  greater  than  that  of 
water— force  the  conclusion  that  the  sun  is  a  vast  sphere  of 
commingling  gases,  including  the  vapor  of  most,  if  not  all,  of 
the  terrestrial  elements. 

As  the  sun  contracts  by  its  own  powerful  gravitation,  the 
potential  energy  lost  by  gradual  inward  motion  is  replaced  by 
equivalent  h<^at  energy.  Every  particle  in  the  whole  stupen- 
dous mass  moving  inward,  contributes  to  the  sun's  inconceiv- 
able aggregate  of  heat.  Helmholtz  computed  that  an  annual 
contraction  of  200  feet  in  the  sun's  diameter  is  sufBcicnt  to 
produce  the  heat  it  radiates.  More  accurate  recent  measure- 
ments of  the  amount  of  heat  radiated,  indicate  a  greater  con- 
traction— a  lessening  of  the  sun's  diameter  by  300  feet 
annually. 

This,  even,  is  so  slight  a  change  in  that  diameter  of  near  a 
million  miles  that  in  seven  thousand  years  it  will  not  appreci- 
ably alter  the  sun's  apparent  breadth.  Our  present  most 
exact  helioraeters  could  not  then  detect  the  change — a  change 
in  the  sun's  angular  breadth  in  seven  thousand  years  of  less 
than  a  single  second! 

But  as  the  sun  is  a  gaseous  mass,  its  expanding  force  just 
counterbalanced  by  its  gravitating  force,  it  can  contract  only 
as  its  expanding  force  lessens  by  loss  of  heat  readiated. 

Will  it  not  then  cool >  as  it  contracts?  Not  necessarily. 
For  Lane's  law,  discovered  about  1870,  asserts  the  paradox 
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that  a  globe  of  g-as  contracts  by  its  own  gravity  and  grows 
hotter,  as  accessary  results  of  hjsingf  the  heat  radiated. 

To  illustrate:  Let  v  ;=  volume  of  a  globe  of  gas;  p  ^  its 
surface  gravity,  or  pressure;  and  t  :=  its  absolute  tempera- 
ture.  When  from  loss  of  heat  by  radiation  its  radius  con- 
tracts  one-half,  let  v',  p',  t'  represent  respectively  its  changed 
volume,  pressure,  and  temperature. 

Since  volumes  compare  as  their  radii  cubed,  and  surfaces  as 
the  radii  squared,  v'  will  ^^  ]/i\\  and  the  surface  of  v'  will  ^ 
'/i  the  surface  of  v. 

Since  surface  gravity  increases  as  the  square  of  the  radius 
diminishes,  the  inward  pull  or  pressure  on  the  surface  of  v' 
wilt  =^  4  times  what  it  was  on  the  surface  of  v;  and  as  just 
shown,  the  surface  of  v'  is  only  one-fourth  that  of  v.  There- 
fore, as  a  4  times  greater  force  will  be  exerted  on  a  4  times 
smaller  surface,  on  a  unit  of  surface  the  force  or  pressure  on 
v'  is  16  times  the  former  pressure  on  v.     That  is,  p'  =  16p. 

As  is  well  known  for  a  gas  the  product  of  its  volume  and 
pressure  changes  as  its  temperature  changes. 

Hence,  v  x  p  v'  x  p'  t  t', 

or,  V  X  p  :     J^  v  X  16p     :  :     t     :     t', 

or,  1  :     2     :  :     t     :     f, 

or,  t'  =  2t. 

Thus,  when  contracted  to  half  its  radius  the  globe  of  gas  is 
twice  as  hot  as  at  the  outset.  In  general,  as  it  radiates  heat 
it  contracts,  and  as  it  contracts  it  grows  hotter. 

If,  then,  our  sun  is  truly  gaseous  from  centre  to  surface, 
notwithstanding  its  vast  output  of  heat  it  must,  by  contrac- 
tion, continually  grow  hotter. 

If,  however,  as  is  likely,  the  photosphere  of  incandescent 
clouds  of  carbon  droplets  and  the  central  density  have  made 
it  partly  viscous,  or  partly  liquid,  or  even  semi-fluid,  then  the 
heat  produced  by  contraction  may  just  equal  that  lost  by  rad- 
iation. 
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Id  this  case  the  sun's  temperature  will  be  constant — as  prob- 
ably it  has  been  during  the  historic  past. 

With  increased  condensation,  the  heat  of  contraction  will 
fail  to  replace  that  lost  by  radiation,  and  the  sun's  tempera- 
ture will  lower  more  and  more  until  it  becomes  cold,  solid, 
dark! 

When  by  contraction  its  present  diameter  is  reduced  one- 
half,  its  density  will  be  increased  eight-fold.  It  may  then  be 
non-gaseous,  and  will  doubtless  be  cooling.  Contracting 
still,  cooling  more,  radiating  less  and  less  heat,  it  must 
finally  fail  to  support  any  of  the  present  forms  of  terrestrial 
life— the  world  we  know  will  be  deadi 

It  is  somewhat  comforting  to  learn  from  Newcomb  and 
from  other  eminent  authorities,  that  this  sad  failure  of  our 
now  glorious  Day-Star,  when  its  generous  heat  and  light 
shall  be  quenched — our  world's  night  of  death— is  probably 
distant  in  the  future  some  ten  million  years! 
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Friday,  May  18th.  1906. 

This  evening  was  devoted  to  a  joint  meeting  of  the  Acad- 
emy and  Chemical  Society  in  the  Auditorium  in  the  Agri- 
cultural Building  at  which  the  Presidential  address  upon  the 
subject:  "The  Source  of  the  Sun's  Heat"  was  delivered  by 
Prof.  John  F.  Lanneau  of  Wake  Forest  College.  The  address 
was  followed  by  a  smoker. 

Saturday,  May  19th,  1906. 

A  meeting  of  the  Exucutive  committee  was  held.  The. 
following  members  were  present:  President  John  F.  Lan- 
neau, Secretary  F.  L.  Stevens,  and  Professor  Collier  Cobb. 

The  following  members  were  nomitated  to  the  Academy  by 
the  Executive  Committee:  Mr.  J.  C.  Temple,  of  the  A.  &  M. 
College,  Mr.  F.  C.  Reimer,  of  the  A.  &  M.  College,  Dr.  E. 
W.  Gudger,  of  Greensboro,  Dr.  Archibald  Henderson,  of 
Chapel  Hill,  and  Mr.  R.  S.  Woglum,  of  Raleigh. 

Prlntwl  DecwmlMr  8,  IMM. 
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A  business  meeting-  of  the  Academy  of  Science  followed. 
The  minutes  of  the  last  meeting  were  read  and  approved. 
The  two  following*  amendments  previously  submitted  to  the 
Executive  Committee  were  received  and  adopted  by  the 
Academy: 

1.  To  strike  out  of  Article  2,  Section  1,  all  of  the  second 
paragraph . 

2.  To  strike  out  from  Article  2,  Section  2,  the  following' 
words:  "Three  dollars  and  for  associates," 

Tiie  names  of  the  following  persons  previously  accepted  by 
the  Executive  Committee  were  received  and  the  candidates 
elected  to  membership  in  the  Academy:  J.  C.  Temple,  P.  C. 
Reimer,  E.  W.  Gudger,  Archibald  Henderson,  and  R.  S. 
Woglum.  A  nominating  committee  previously  appointed 
reported  the  nominations  as  follows:  For  President,  Profes- 
sor Collier  Cobb;  Vice-president,  Professor  J.  L.  Lake;  Sec- 
retary-Treasurer, F.  L.  Stevens;  members  of  the  Executive 
Committee  in  addition  to  the  ex-officio  officers.  Dr.  W.  C. 
Colter,  Franklin  Sherman,  and  -Professor  J.  F.  Lanneau. 
The  report  of  the  Committee  was  adopted  and  members 
named  declared  elected  to  the  respective  offices. 

The  report  of  the  treasurer  showing  the  balance  of  $141.43 
was  received.     Mr.  C.  H.  Williams  was  appointed  as  auditor. 

Following  the  business  meeting  was  held  the  meeting  for 
the  prer.entation  of  papers,  a  summary  of  which  follows: 

Autophytograpks, Collier  Cobb 

Name  suggested  by  C.  11.  While  (Am.  Jour.  Sci..  March, 
1905)  for  a  plant  record  formed  by  the  extraction  of  coloring 
matter  through  decay  of  plant,  or  a  black  deposit  reproduc- 
ing perfectly  the  leaves  of  the  plants,  illustrated  by  speci- 
mens from  the  neighborhood  of  Wilkeaboro,  N.  C,  and  else- 
where. Such  records  have  also  been  made  in  geological 
past,  and  Professor  Cobb  reported  fern  autophytographs  oo 
carboniferous  rocks  from  near  Pottsville,  Pa.,  exhibiting  two 
4ifferent  specimens  of  the'  same. 
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Notes  on  the  Variatiou  in  the  Number  of  Eggs  or  TouHg 

Proitueed  by  Some  American  Snakes  ,     .  C.  S.  Brimley 

This  paper  grave  the  largfest,  smallest,  and  average  number 
of  eggs  or  youngr  produced,  according  to  the  author's  exper- 
ience by  the  following  species  of  American  snakes:  Eutocnia 
sirtalis.  Eutoenia  saurita,  Natrix  sipedon,  Haldca  striatula, 
Storeria  dekayi,  Storeria  occipitomaciilate,  Virginia  valer- 
ioe,  Bascanium  constrictor,  Heterodon  Platyrhinus,  Ophib- 
olus  getulus,  Cyclophis  aestivus.  Coluber  quadrivittatus, 
Carphophiops  Amoenus,  Ancistrodon  contortrix,  Ancistrodon 
piscivorus.  Comments  are  also  made  on  the  confusion 
caused  by  the  application  locally  of  the  same  popular  or  local 
name  to  different  species  of  snakes  in  different  places,  ami  by 
difiFerent  names  being  applied  to  the  same  species. 

The  Embryo-sac  of  Liriodendron W.  C.  Coker 

The  development  and  structure  of  the  embryo-sac  of  the 
ordinary  tulip  tree,  Liriodendron,  was  explained  with 
blackboard  drawings.  The  special  point  of  interest  was  that 
though  this  tree  is  ancient  gvolojtically,  yet  its  embryo- 
sac  presents  no  unusual  features. 

Sugaring Jor  Moths C.  S.  Brimley 

The  author's  experience  in  sugaring  for  moths  in  July, 
August,  and  September,  was  given.  Names  of  the  mixtures 
employed  and  how  applied,  and  what  species  of  moths  and 
other  insects  were  captured.  Notes  that  a  very  large  pro- 
portion of  the  attracted  moths  were  species  of  economic  im- 
portance, viz.,  the  army-worm  and  cutworm  moths,  which  do 
considerable  injury  to  field  and  garden  crops.  Notes  what 
insects  were  attracted  to  ihc  sugared  patches  in  the  day  time 
and  also  that  rough  barked  trees  were  better  to  sugar  than 
smooth-barked  ones. 
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Rhoettc  Flora  0/  Moncure  Shales Collier  Cobb 

Specimens  of  Liriodendron  (?)  reported  from  Deep  River 
Trias  in  1904  in  association  with  Macrotoeniopteris,  and  then 
regarded  by  speaker  as  Lower  Trias,  led  to  the  tracing  of 
this  bed  eight  miles  northeastward  througb  Lockville  to 
Moncure,  and  to  the  discovery  of  one  nearly  complete  Lirio- 
dendron  leaf  and  several  fragments  in  association  with  lyco- 
pods,  conifers,  and  equisetaceae  with  many  examples  of  more 
modern  plants  yet  to  be  determined,  constituting  what  is 
probably  a  transition  flora.  Many  of  the  specimens  were 
from  a  well  recently  dug  by  the  Seaboard  Air  Line  Railway. 

7'he  Influence  of  Citrous  Slocks  oil  Scions      Mr.  F,  C.  Reimer 

An  investigation  was  made  in  Florida  to  determine  whether 
/the  stock  influences  the  scion  in  any  way.  The  following- 
outline  covers  most  of  the  work  which  was  done: 

1.  Influence  on  rate  of  growth — (a)  in  diameter,  (b)  in 
height. 

2.  On  shape  of  tree. 

3.  On  hardness. 

4.  On  diseases. 

5.  On  fruit — (a)  amount,  (b)  quality,  (c)  season  of  ripen- 
ing, (d)  color,  (e)  dropping;. 

Interesting  results  were  obtained  which  will  appear  in 
Science  in  full  at  a  later  date. 

Mr.  J.  C,  Temple  discussed  the  bacterial  flora  of  cow  man- 
ure, showing  the  average  number  of  germs  present  in  fresh 
manure  and  in  manure  of  different  ages.  The  relation  of 
these  various  germs  to  the  nitrogenous  material  of  the  man- 
ure. He  also  presented  important  results  concerning  the  dis- 
tribution abundance  and  variation  of  the  colon  bacillus. 

A  paper  by  Levis  T.  Winston  in  his  absence  was  read  by 
Dr.  F.  L.  StevetiJ  on  "Bacterial  Analysis  of  Various  Lithia 
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Waters,"  in  which  it  was  stated  that  while  most  of  the  Hthia 
waters  were  above  reproach  from  a  bacterial  view  point,  some 
of  them  are  of  such  condition  that  if  submitted  to  the  ordi* 
nary  board  of  health  analysis  they  would  be  condemned. 

Liverwort  Types  for  Elementary  Classes     .     .      W.  C.  Coker 

It  was  Rug'g'ested  that  Pallavicinia,  on  account  of  its  simple 
structure  and  easily  demonstrated  org'ans  was  far  more  suit- 
able for  elementary  work  than  the  more  complex  Marchantia 
which  is  generally  used.  Frullania  Virg^inica  was  sug- 
gested as  the  best  type  for  use  in  demonstrating  the  devetoi>- 
ment  of  the  capsule. 

Mr.  W.  C.  Etberidj^e  explained  a  series  of  tests  which  he 
had  made  concerning  the  various  methods  of  analysis  of  milk 
to  determine  the  effect  of  the  various  media,  various  ages  of 
plate,  different  degrees  of  acidity,  and  effect  of  ventilatiou 
upon  the  bacterial  count. 

Mr.  C.  S.  Brimley  presented  a  paper  on  the  "Zoology  of 
Lake  Ellis,  Craven  County,  N.  C." 

Tlie  Endosperm  of  the  Poulcderiaceae  .     .     .     ,  W.  C  Coker 

It  was  shown  that  the  endosperm  of  the  three  genera  of 
this  family  so  far  investigated  was  of  two  sorts.  The  defin- 
itive endosperm  nucleus  on  its  first  division  forms  a  wall 
separating  the  sac  into  an  upper  and  a  lower  part.  The 
endosperm  in  the  upper  part  is  quite  different  in  appearance 
from  that  in  the  lower, 

Food  Adulteration Mr.  W.  M.  Alien 

This  paper  showed  the  great  effect  of  the  adulteration  of 
human  foods  on  mankind;  how  it  affects  both  the  health  and 
the  wealth. 

It  seems  that  the  greatest  danger  to  health  lies  in  the  om 
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of  chemical  prc-servatives  in  fresh  meats  and  sausages  by 
butchers  and  meat  men,  often  ignorant,  havings  no  conception 
of  what  they  are  dispensing;  to  their  customers. 

The  meeting-  was  well  attended  and  interest  was  manifest. 

Following-  the  meeting  for  the  presentation  of  paiiers  the 

Academy  of  Science  and  the  Ctiemical  Section  adjourned  to 

(iiersch's  cafe  where  the  visiting  members  were  entertained 

at  lunch  by  the  Raleigh  members  of  these  two  organizations. 

F.  L.  Stevens, 

Sec.  &  Treas. 
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THE  BtJILDING    AND    ORNAMENTAL    STONES    OF 
NORTH  CAROLINA,  A  REVIEW. 


BT  J03BPB  HVDB  PRATT,  STATE  GKOLOOIST. 


There  has  recently  been  published  bj  the  North  Carolina 
Geological  and  Economic  Survey  a  report  on  the  Building 
and  Ornamental  Stones  of  the  State,  which  was  prepared  by 
Prof.  Thomas  L.  Watson  and  Francis  B.  Laney,  with  the 
collaboration  of  Dr.  George  P.  Merrill.  This  report  repre- 
sents nearly  three  years  of  field  and  laboratory  work  and 
shows  that  North  Carolina  is  well  supplied  with  a  great 
variety  of  building  stone  materials,  particularly  those  of  a 
granitic  type.  With  perhaps  the  possible  exception  of  Geor- 
gia, it  is  better  supplied  with  both  as  regards  quality  and 
variety  than  any  of  the  other  Appalachian  States  south  of 
New  England.  When  this  fact  is  taken  in  connection  with 
the  mildness  of  the  climate,  which  permits  a  long  season  of 
outdoor  labor,  and  with  the  cheapness  of  labor  itself,  it  will 
undoubtedly  result  in  the  development  of  a  very  extensive 
industry. 

The  granitic  rocks  have  been  especially  studied  by  Dr. 
Watson,  who  worked  almost  exclusively  in  the  granites  and 
gneisses,  with  incidental  reference  to  the  associated  erupt- 
ions, the  diorites,  diabases,  and  gabbros.  In  connection  with 
the  field  work  on  these  granitic  rocks,  he  was  ably  assisted 
by  Mr.  Laney,  who,  however,  devoted  the  larger  part  of  his 
time  to  the  marbles,  limestones,  sandbtones,  serpentines,  and 
road  materials. 

Dr.  Merrill's  guiding  hand  is  plainly  seen  in  the  character 
of  the  work  and  its  form  of  presentation.  There  were  but 
few  tests  made  to  ascertain  resistance  ta  crushing,  shearing, 
jooe]  n 
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elasticity,  or  absorption,  chiefly  because  the  report  does  not 
pretend  to  be  either  exhaustive  or  final,  but  has  been  publish- 
ed to  call  attention  to  the  deposits  of  stone,  especially  those 
of  known  economic  importance,  and  to  indicate  how  these 
can  t>e  opened  and  operated  profitably.  No  chemical  analy- 
ses were  attempted,  nor  were  they  for  the  most  part  consid- 
ered essential  for  the  present  work,  as  Dr.  Merrill  still 
adheres  to  his  opinion  that  more  can  be  learned  from  an 
examination  in  the  field  than  throug:h  all  known  laboratory 
tests  uken  together.  There  are  a  number  of  chemical  analy- 
ses ffiven  throughout  the  report  which  have  been  taken, 
however,  from  previous  reports  of  the  Survey. 

The  volume  is  divided  into  nine  chapters,  with  a  short 
appendix  on  stones  for  road  buiding;.  In  Chapter  I,  which 
is  entitled  Preliminary  Generalities,  the  essential  qualities  of 
building  stones  ^re  thoroughly  discussed,  attention  being- 
called  to  the  influence  that  color  has  on  the  market  value  of 
a  stone;  the  ease  or  difBculty  with  which  a  stone  can  be 
worked,  and  the  location  of  the  deposit  with  respect  to  trans- 
portation facilities.  The  surface  features  of  the  State  are 
considered  and  it  is  shown  that  the  geological  formations 
which  are  capable  of  yielding  desirable  stone  for  structural 
purposes  or  ornamentation  traverse  the  State  in  northeast 
and  southwest  directions.  Beginning  at  the  western  margin 
of  the  coastal  plain,  there  is  found  extending  northeast  from 
Raleigh  a  broad  t>elt  of  gnetssic  rocks,  succeeded  on  the  west 
by  one  of  brown  sandstone,  and  this  in  order  by  belts  of 
schist,,  granites,  and  gnetssts  to  the  State  line,  the  last  men- 
tioned t>elt  carrying  in  Cherokee,  Graham,  and  Swain 
counties  a  narrow  t>elt  of  marble.  Within  these  areas  there 
are  numerous  minor  exceptions  to  the  regular  order  men- 
tioned above.  The  geographic  position  of  the  State  is  con- 
sidered with  reference  to  other  than  local  markets  and  it  is 
clearly  shown  that  North  Carolina  is  near  the  center  of  an 
area  containing  hundreds  of  large  and  prosperous  cities  and 
towns  which  will  afford  a  market  for  a  much  larger  amount 
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of  building  stones  than  it  is  now  supplying,  wbich  should 
result  in  the  development  of  the  quarry  industry  on  a  much 
larifer  scale  and  without  any  danger  whatever  of  ruinous 
competition. 

Chapters  II,  IV,  and  VI  take  up  in  detail  the  building 
and  decorative  stones  roughly  classiHed  as  follows:  (1)  The 
crystalline  siliceous  rocks,  including  the  granites,  gneisses, 
and  diabases,  or  traprocks;  (2)  the  calcareous  rocks,  includ- 
ing all  limestones  and  dolomites,  both  the  crystalline  and 
compact  common  varieties;  and  {3)  the  fragmental  or  clastic 
rocks,  including  the  sandstone  and  clay  states.  Those  of  the 
first  group  result  either  as  erupted  molten  matter  from  the 
earth's  interior  or  from  the  metamorpbism  of  siliceous  sedi- 
ments. Those  of  the  second  group  originate  mainly  as  ' 
depiosits  of  calcareous  mud  from  the  breaking  up  of  shells, 
.  corals,  and  the  remains  of  other  marine  animals  on  an  old 
sea  bottom.  Those  of  the  third  group  result  from  the  break- 
ing up  of  older  rocks,  and  the  accumulation  on  the  bottom  of 
lakes  and  seas  of  the  resultant  sand,  clay,  or  mud  in  beds  of 
varying  thickness,  to  be  subsequently  hardened  into  stone. 

"Kow  the  essenlial  difference  between  a  marble  and  a  com- 
pact common  limestone,  like  those  of  Ohio  or  Kansas,  is  that 
the  first  has  undergone,  through  the  combinded  action  of 
heat  and  pressure,  just  the  right  degree  of  change,  or  meta- 
morpbism as  it  is  technically  called,  to  develop  in  it  crystalli- 
zation and  color;  the  essential  difference  between  a  brick  or 
fire  clay  and  a  cleavable  slate  suitable  for  roofing,  is,  as  ex- 
plained elsewhere,  that  the  first  named  still  retains  its  plastic 
condition  as  it  was  laid  down  in  the  form  of  fine  silt  on  a  sea 
bottom,  while  the  slate  has  by  geological  agencies,  by  actual 
movements  of  the' earth's  crust,  been  so  squeezed  and  com- 
pressed as  to  lose  all  resemblance  to  its  former  self,  and 
t>ecome  the  cleavable  article  of  commerce  we  now  find  it. 

"These  processes  of  change,  as  noted  above,  are  dependent 
very  largely  upon  the  actual  movements;  warpings  and  fold- 
ings as  one  might  say,  of  the  earth's  crust  and  the  heat  and 
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chemical  action  which  i;^  thiTcby  generated,  and  since  these 
movements  take  place  only  with  extreme  slowness,  whole 
geologic  ages  being  occupi<-d  in  their  inception  and  com- 
pletion, it  follows  as  a  matter  of  course  that  these  metamor- 
phic  rocks,  these  gneisses,  marbles  and  roofing  slates,  are 
found  onlj  ainong  the  older  rocks  and  only  in  those  portions 
of  the  country  where  this  crust  has  been  warped,  compressed, 
and  folded  as  in  the  process  of  mountain  making." 

Thus,  one  will  find  these  rocks  in  their  best  development 
in  those  regions  bordering  along  more  or  less  extensive  moun- 
tain ranges. 

The  area  of  the  State  containing  rocks  of  the  first  class  is 
very  extensive  and  includes  the  three  larger  physiographic 
provinces  of  the  State,  namely,  the  coastal  plain,  the  Pied- 
mont plateau,  andthe  Appalachian  Mountain;  but  the  greater 
part  of  the  granites  and  other  crystalline  rocks  of  economic 
importance  arc  included  in  the  Piedmont  plateau  region. 
Along  the  inner  margin  of  tlte  coastal  plain  region  there  are 
a  number  of  small  workable  areas  of  granite  of  excellent 
quality;  but  in  the  mountain  region  the  large  granitic  areas 
are  usually  schistose  in  structure  and  are  not  very  desirable 
for  the  higher  grades  of  work  in  which  granites  are  used. 
These  crystalline  rocks  are  discussed  in  groups: 

T,  The  Coastal  Plain  Area,  this  area  including  Wilson, 
Edgecombe,  Nash,  Anson,  and  Richmond  counties.  In  this 
region  the  areas  capable  of  prtHucing  workable  granite  either 
lie  close  to  or  are  crossed  by  the  principal  lines  of  railroad  in 
the  eastern  part  of  North  Carolina,  rendering  them  easily 
accessible  and  j>roviding  ample  facilities  for  transportation 
of  the  stone.  The  outcrops  arc  usually  large  and  are  so 
located  as  to  offer  advantageous  quarry  sites.  They  are  all 
biotitc  granites,  showing  a  considerable  range  of  variation  in 
color  and  texture,  from  light  gray  to  pink  with  occasionaly  a 
mixed  yellowish  and  pink  appearance.  No  systematic  quar- 
rying has  as  yet  been  undertaken  and  all  that  has  been  quar- 
ried has  been  used  locally. 
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II.     The  Piedmont  Plattau  Ri^gion. 

1.  The  Northeastern  Carolina  Granite  Belt,  iacluding 
Wake,  Franklin,  Vance,  Granville,  and  Warren  counties. 
In  this  belt  extensive  workable  areas  of  different  grades  of 
granite  are  found  suited  for  all  grades  of  work  in  which 
granite  is  used,  except  for  the  better  grades  of  monumental 
work.  Systematic  quarrying,  however,  has  been  limited  to 
areas  in  and  around  Raleigh,  Wake  county  and  at  and  near 
Greystoneand  Middleburgh,  Vance  county.  These  quarries 
have  been  operated  quite  extensively,  furnishing  stone  to 
Eastern  Virginia  and  Carolina,  principally  in  the  form  of 
blocks  and  curbing  for  street  purposes;  and  for  general  build- 
ing purposes.  Throughout  this  belt  the  granites  show  but 
little  variation  in  ratneral  composition  and,  with  one  excep- 
tion, they  are  biotite-granites.  Minerals  such  as  free  sul- 
phides and  iron  oxides,  which  are  a  source  of  discoloration  to 
stone  on  exposure,  are  practically  absent  from  the  granites  of 
this  belt. 

2.  The  Carolina  Metamorphic  Slate  and  Volcano  Belt, 
including  Orange,  Durham,  and  Chatham  counties.  The 
country  rocks  of  this  belt  comprise  argillaceous,  sericitic  and 
chloritic  metamorphosed  slates  and  crystalline  schists;  sedt' 
mentary  pre-Juratrias  slates;  and  ancient  volcanic  rhyolites, 
quartz  porphyries,  and  pyro-clustic  breccias  that  are  often 
sheared  and  altered  andcsites.  Rocks  of  granitic  composition 
have  as  yet  only  been  noted  in  Orange  county,  and  they  arc 
of  doubtful  commercial  value  except  for  railroad  ballast  and 
road  purposes. 

3.  The  Carolina  Igneous  Belt  (The  Main  Granite  Belt), 
including  Mecklenburg,  Gaston,  Cabarrus,  Iredell,  Rowan, 
Davidson,  Davie,  Forsyth,  Guilford,  and  Alamance  counties. 
In  this  belt  granite  is  one  of  the  principal  and  most  wide- 
spread rocks,  and  in  each  of  the  ten  counties  included  in  the 
belt,  extensive  areas  of  granite  are  exposed.  Outcrops  of 
firm  and.  hard  moderately  fresh  granite  are  not  uncommon, 
and  as  a  rule  the  exposures  arc  large  enough  to  admit  of  the 
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opening-  of  large  quarries  without  much  stripping'.  The 
stone  is  usually  well  suited  to  the  many  purposes  for  which 
granite  is  used,  ani!  the  Iwit  is  traversed  in  nearly  all  direct- 
ions by  lines  of  railroads  which  offer  ample  facilities  for 
transportation.  Notwithstanding  these  conditions,  only  a 
limited  amount  of  quarrying  has  been  done  in  these  counties, 


Figure  1.    Boolder  ontcrop  of  orbicnJi^-gabbro  diorite,  HaintuD  farm, 
Davie  oounby,  10  milea  west  of  Lexington,  DaTidaon  0001117. 

with  the  exception  of  Rowan,  where  systematic  quarrying 
has  been  developed  on  a  large  scale  on  the  Dunns  Mountain 
granite  ridge. 

There  are  two  distinct  phases  of  the  granite  developed,  an 
even  granular  or  normal  and  a  porphyritic  granite,  both  of 
which  have  wide  distribution  within  the  limits  of  the  belt 
and,   with  one   exception,    represent  different  phases  of  the 
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same  rock  mass,  the  porphyritic  texture  grading-  into  the 
even-granular.  With  hardly  an  exception  the  granites  are 
mica  (biotite)  bearing  and  they  vary  in  color  from  nearly 
white,  through  the  lighter  to  the  darker  shades  of 
gray.  In  several  places  over  Dunns  Mountain  a  beautiful 
shade  of  pink  granite  is  quarried.  This  stone  has  attracted 
a  great  deal  of  attention  and  is  much  admired  as  a  decorative 
stone. 

4.  The  Western  Piedmont  Gneiss  and  Granite  Belt, 
including  Surry,  Wilkes,  Alleghany,  Alexander,  and  Cleve- 
land counties.  In  this  belt  the  massive  granites  are  less 
abundantly  distributed  than  over  other  parts  of  the  granitic 
areas.  They  are  all  biotite-bearing',  usually  of  lig'ht  color 
and  of  medium  texture.  No  injurious  minerals  are,  as  a  rule, 
observed.  The  rocks  possess  marked  strength  and  durability 
and  are  very  desirable  granites  for  certain  grades  of  work. 
Mt.  Airy,  Surry  county,  one  of  the  principal  localities  in  this 
belt  yielding  rock  of  this  type,  constitutes  the  largest  quar- 
rying center  in  the  State.  The  demand  for  this  stone  is  rap- 
idly increasing  and  wherever  used  has  givia  entire  satisfac- 
tion both  as  regards  color  and  durability. 

III.  The  Appalachian  Mountain  Region,  comprising 
McDowell,  Buncomlw,  Henderson,  Madison,  Jackson,  Hay- 
wood, Macon,  Transylvania,  Swain,  Mitchell,  Caldwell, 
Watauga,  and  Ashe  counties. 

No  systematic  quarrying  has  as  yet  been  undertaken  at 
any  point  in  this  mountain  region,  but  numerous  small  open- 
ings have  been  made  in  exposures  of  the  rock  in  many  places, 
but  the  stone  has  been  used  entirely  for  local  purposes.  The 
larger  amount  of  the  rock  quarried  hfts  been  used  for  ballast 
and  road  purposes.  Transportation  is  the  serious  difficulty 
confronting  the  quarrying  of  the  mountain  granite  for  build- 
ing purposes,  except  for  local  use. 

The  report  shows  that  North  Carolina  is  well  supplied 
with  granite  depositsthat  are  easily  accessible  and  are  of  a 
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quality  that  will  permit  of  their  beinf;  used  for  all  grades  of 
work. 

Some  of  the  rocks  included  under  the  head  of  the  crystal- 
Hue  rocks  are  of  especial  interest  and  are  mentioned  more  in 
detail. 

Orbiailar  Gabbro  - Diorite: —  The  orbicular  i^abbro-diorite 
is  found  on  the  Hairston  plantation,  Davie  county,  ten  miles 
west  of  Lexinifton  and  one  mile  west  of  Oak  Perry.  It 
occurs  in  high  boulders  occupying  a  low  indistinct  ridge, 
which  culminates  in  a  peak  or  knoll  about  thirty  feet  abore 
the  surrounding  plain,  Fig.  t.  This  is  the  only  point  where 
the  orbicular  rock  outcrops  promineutly,  but  it  can  be  traced 
in  a  southwest  direction  by  means  of  residual  decay  for  a 
dislauce  of  one-half  to  thrce-quarters  of  a  mile  in  length  and 
of  several .  hundred  yards  in  width.  The  orbicular  rock 
undoubtedly  occurs  in  the  form  of  a  typical  dike  penetrating 
the  porpbyritic  granite  and  is  parallel  to  and  probably  of  the 
same  age  as  some  large,  massive,  unaltered  diabase  dikes  in 
the  vicinity  which  are  intersecting  the  same  rock.. 

This  rock  presents  two  distinct  and  strongly  contrasted 
phases,  one  the  pronounced  orbicular  and  the  other  a  gran- 
itic. Around  tbe  knoll  referred  to,  the  rock  shows  the  typi- 
cal orbicular  texture,  with  the  well  rounded  spheres  varying 
in  width  from  one-eighth  to  one  inch  and  sometimes  two 
inches  in  diameter.  Some  distance  from  tbe  knoll  the  rock 
assumes  a  granitic  texture,  but  is  composed  of  tbe  same  min- 
erals. Mineralogically,  this  rock  is  composed  principally  of 
a  basic  plagtoclase  feldspar,  showing,  as  a  rule,  but  slight 
polysynthetic  twinning,  uralitic  hornblende,  and  diallage. 
Besides  these,  titanite,  apatite,  magnetite,  and  zircon  occur 
as  accessory  minerals,  and  quartz,  muscovite,  calcitc,  and 
zotsite  as  secondary  minerals. 

In  color  the  rock  is  dark,  with  a  greenish  tinge  due  to  the 
dark  green  hornblende.  It  has  a  pronounced  mottled  appear- 
ance produced  by  the  nearly  black  green  nodules  of  hornblende' 
in  a  ground-mass  of  the  intensely  white  plagioclase  feldspar. 
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The  contrast  is  very  pleasing  and  it  is  brought  out  much 
more  promioentlj  iathe  cut  and  polished  surfaces.  The  spheres 


Plfore  i.  Photognph  of  tremh  anrfaoe  of  leoiMRlite  ■howtng  the  iton* 
whttu  broken  M  rl^t  uigleB  to  the  long  pamllel  tt^Mki  or  pmoUi  ot  it 
0Md  bVtok  color. 
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usually  exhibit  a  fibrous,  radiating:  structure  from  a  common 
center  outward.  In  some  instances  a  small  ftagment  of 
feldspar,  quartz,  or  pyrite  has  been  the  nucleus  atwut  which 
the  spheres  of  the  hornblende  have  been  formed.  The  con- 
centric structure  which  is  usually  observed  in  orbicular  rocks 
is  not  at  all  pronounced  in  the  North  Carolina  rock;  and 
where  the  spheres  of  orbicular  granite  and  diorite  heretofore 
described  are  composed  usually  of  a  number  of  minerals,  the 
North  Carolina  rock  is  only  composed  of  one,  the  dark  green 
hornblende. 

As  a  decorative  or  ornamental  stone,  this  unique  stone 
should  find  very  great  favor.  It  works  easily  and  well  as  is 
shown  bj  a  polished  column  and  sphere  that  are  in  the  State 
Museum  at  Raleigh.  That  it  wears  well  is  demonstrated  by 
the  fact  that  some  of  this  stone  quarried  prior  to  the  Civil 
War  and  used  for  i;ate  posts  and  steps  to  the  house  on  the 
Peter  Hairston  property,  do  not  show  any  sii^ns  of  decay. 

Quartz- Porphry  {,Leopardite)\ —  Intersecting  the  biotite- 
granite  at  Belmont  Springs  \%  to  IK  miles  east  of  Charlotte, 
Mecklenburg  county,  is  a  dike  of  quartz  porphry  about  one- 
half  mile  long,  whose  width  nowhere  exceeds  25  feet  and 
which  has  been  most  appropriately  named  Leopardtte.  It  is 
a  dense,  hard,  tough  and  compact  cryptocrystalHne  rock, 
which  breaks  with  a  conchoidal  fracture.  The  fresh  rock  is 
nearly  pure  white,  tinged  in  places  a  very  faint  greenish, 
and  penetrated  by  long  parallel  streaks  or  pencils  of  a  dead 
black  color.  If  it  is  broken  at  right  angles  to  these  streaks, 
the  surface  is  dotted  with  rounded  irregular  black  spots 
varying  from  pin  heads  up  to  half  an  inch  in  diameter.  This 
peculiar  spotted  appearance  is  well  illustrated  in  Fig.  2. 
When  the  rock  is  broken  or  cut  parallel  with  the  direction  of 
the  pencils,  the  surface  is  streaked  with  long  irregular  black 
lines,  which  are  sometimes  approximately  parallel  and  at 
others  assume  a  dendritic  or  fern-like  appearance,  as  illus- 
trated in  Fig.  3.  These  black  streaks  or  pencils  are  not  reg- 
urlarly    distributed  throughout  the  quartz-porphrj,  but  in 
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some  areas  they  are  entirely  absent,  while  in  others  they  are 
crowded  very  closely  togfether. 

Mineralogically  the  rock  is  composed  essentially  of  feldspar, 
both  potash  and  plag'ioclase  varieties,  with  a  smaller  amount 
of  quartz,,  which  forms  minute  irregular  interlocking  grains. 
Considerble  of  it  is  interg;rown  with  the  feldspar  in  micro- 
graphic  structure,  formingf  more  or  less  rounded  disk-like 
areas.  The  black  streaks  or  pencils  are  composed  of  oxides 
of  manganese  and  iron  and  are  supposed  to  represent  the  per- 
colation of  manganese  and  iron  solutions  through  the  rock. 

The  rock  is  susceptible  of  an  excellent  polish  and  could  be 
used  with  splendid  effect  in  inlaid  work.  On  account,  how- 
ever, of  its  exceeding  hardness  and  toughness  and  absence 
of  any  definite  rift,  it  will  be  a  rather  expensive  stone  to 
quarry. 

Unakite: —  In  Madison  county,  atxtut  5  miles  southwest 
of  Hot  Springs,  there  is  an  irregular  area  of  granite  contain- 
ing epidote  as  a  characterizing  mineral.  The  main  mass  of 
this  rock  is  described  as  a  dark  pink  and  green  epidote-biotite- 
granite  of  coarse  texture  and  somewhat  schistose  structure 
varying  from  a  typical  schistose  granite  in  which  the  quartz 
is  present  in  the  usual  amount  to  a  nearly  quartzless  rock  of 
the  same  color  and  texture. 

Penetrating  this  granite  probably  in  the  form  of  narrow 
veins  is  the  unique  and  t>eautiful  variety  of  granite  known 
as  unakite.  This  rock  is  composed  of  yellow-green  epidote,  • 
dull  pink  or  red  feldspar  and  quartz.  The  unakite  is  not  uni- 
form in  color  and  composition,  but  shows  pronounced  grada- 
tion into  a  highly  feldspathic  rock  of  pink  color  on  the  one 
hand  and  an  epidote  rock  of  a  yellow-green  color  on  the 
other.  Usually  in  the  veins  the  normal  unakite,  which  is  a 
coarse,  massive  rock  of  even  texture,  occupies  the  middle 
portion  of  the  vein  and  graduates  toward  the  enclosing 
gneiss  either  into  the  feldspathic  or  epidotic  rock  or  both. 

Under  the  microscope  the  unakite  is  shown  to  be  com- 
posed of  the  usual  granitic  minerals  such  as  orthoclase  and 


idbyGoOglC 


74  Journal  of  thb  Mitchbll  Sociktt.  [Nov. 

microcline  in  nearly  equal  proportions,  a  little  plagrioclase, 
quartz,  occasional  biotite,  zircon,  apatite,  rutile,  magfaetite 


FigupB  a.    Photograph  of  a  Motion  of  the  leopanlite  cnt  parallel  with 
the  direction  of  the  penoili. 
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and  a  few  stiiall  gjaitis  of  pyrile,  with  the  secondary  miner- 
als epidote,  chlorite,  knolin,  and  a  green  mica. 

One  of  the  best  exposures  of  the  unakite  in  its  relation  to 
the  other  granitic  rock  is  along-  Koaringf  Pork  and  a  short 
distance  above  its  entrance  into  Meadow  Fork.  The  com- 
mercial value  of  the  rock  would  be  for  decorative  or  orna- 
mental purposes,  but  at  the  present  time  it  has  not  been 
developed  sufficiently  to  determine  what  quantity  of  this 
rock  can  be  obtained  commercially. 

In  Chapter  III  there  is  a  short  description  of  the  dike<i  and 
veins  penetrating  the  crystalline  rocks  previously  described 
which  include,  beginning'  with  the  most  acid,  true  quartz 
veins,  pegmatite,  aplite  and  granite  dikes  of  normal  compo- 
sition and  texture;  and  abundant  dikes  of  basic  ig^neous  rocks, 
of  which  diabase  and  diorite  are  the  most  common  types. 

Chapter  IV  treats  of  the  calcareous  rocks,  limestones  and 
marbles,  takings  up  in  detail  their  varieties,  structure,  weath- 
ering: qualities,  uses,  and  geographical  distribution.  The 
marble  localities  are  confined  to  Cherokee,  Swain,  McDowell, 
and  Mitchell  counties.  The  only  ones  that  have  been  devel- 
oped commercially  are  those  in  Cherokee  county.  The  mar- 
ble of  Mitchell  county  is  perhaps  worthy  of  more  detailed 
notice  on  account  of  its  occurrence  and  quality. 

White  Marble  from  Mitchell  County: —  This  marble  was 
first  exposed  in  a  railroad  cut  on  the  north  bank  of  North 
Toe  River  near  the  mouth  of  Sink  Hole  Creek  about  3>^  miles 
above  Toe  Cane  Station.  The  marble  is  exposed  in  a  bed 
about  60  feet  thick  interbedded  with  typical  mica  schists,  and 
is  exceptionally  pure  and  of  very  uniform  texture.  As  far  as 
can  be  judged  from  the  exposure  of  the  blocks  that  are 
blasted  out,  it  is  remarkably  free  from  joints.  It  has  a  beau- 
tiful pure  white  color  and  takes  a  good  polish.  It  can  be 
traced  northeastward  from  the  outcrop  at  the  railroad  for 
about  a  mile  and  is  favorably  located  for  quarrying,  bein)^ 
on  a  mountain  side  about  lOO  feet  above  the  valley,  thus 
affording  natural  drainage  and  space  for  disposal  of  waste 
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material.  Coasidering  the  iocation  of  this  marble  and  its 
texture,  purity,  and  color,  it  offers  a  very  favorable  commer- 
cial  quarry  proposition. 

One  peculiar  feature  of  this  marble  deposit  is  the  occur- 
rence  of  a  large  pegmatitic  vein  in  the  midst  of  the  marble 
as  illustrated  in  Fig.  4. 

The  limestone  areas  are  rather  scarce  throughout  North 
Carolina  and  in  no  place  are  they  of  suEBcient  magnitude  to 
be  of  any  large  commercial  importance  either  for  building 
purposes  or  for  burning  into  lime.     In  a  few  localities  a  small 


-60ft.- 


Fignre  4.  FeKmatic  dike  (c>  ontting  the  Mltohell  oonuty  muble  (b). 
The  Donoiry  rook  la  a  oontorted  typi<wl  mica  sohiit  (a)  wbtoh  at  Iti  con- 
taot  with  the  marble  is  qaite  oaloareoaB. 

amount  of  the  stone  is  used  for  road  purposes  or  burned  into 
lime  for  local  use.  In  Buncombe  county,  about  2  miles  north 
of  Fletcher,  two  kilns  having  a  capacity  of  700  bushels  per 
day  have  been  erected  for  burning  a  limestone  that  is  of  a 
peculiarly  fine  grained  structure,  containing  little  or  no  im- 
purities, the  analyses  giving  95.32  per  cent,  calcium  carbon- 
ate. 

The  serpentines  and  verdantique  marbles  are  described  in 
Chapter  V.  They  are  at  the  present  time  of  no  commercial 
importance  and  they  have  been  described  in  detail  in  a  pre- 
vious report  of  the  North  Carolina  Geological  Survey  on 
Corundum  and  the  Peridotites  of  Western  North  Carolina. 

The  sandstones  and  quartzites,  which  are  taken  up  in 
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Chapter  VI,  are  discussed  more  from  a  commercial  than  a 
scientific  standpoint.  Although  in  previous  years  there  has 
been  considerable  quarrying*  of  the  sandstone  from  Moore 
county,  in  recent  years  the  industry  has  come  nearly  to  a 
standstill.  This,  however,  has  not  been  on  account  of  the 
quality  of  the  sandstone  as  much  as  transportation  difficul- 
ties. 

The  dikes  penetrating  the  sandstones  are  taken  up  in  Chap- 
ter VII,  which  contains  tables  showing  their  distribution 
and  their  relation  to  the  jointing  of  the  sandstone. 


Fignre  i.  Diagram  Ulnrtrating  method  of  ol««ving  gntiite  by  meana  of 
oompreMad  air.  B,  Uft  or  rirUl  h<de;  60,  area  ciMTOd  by  powdw;  AFF. 
area  oleared  by  oompresw  air;  DB,  tUn  adge  on  down  hlU  aide  of  quarry 
where  air  escaped. 
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Chapters  VIII  and  IX  relate  to  tfae  quarrying:,  working 
and  weathering  of  building  stones.  One  interesting  method 
of  quarrying  building  stones  that  is  especially  mentioned  is 
that  used  by  the  North  Carolina  Granite  Corporation  at  its 
Mt.  Airy  quarries,  which  is  described  as  follows: 

"In  the  center  of  the  sheet  or  area  to  be  lifted. a  drill  hole 
2  to  3  inches  in  diameter  is  sunk  6  to  8  feet  depth,  depending 
on  the  greatest  thickness  of  stone  required,  and  the  operation 
is  continued  by  the  discharging  of  successive  small  amounts 
of  powder  similarly  as  described  under  the  method  of  quarry- 
ing by  using  water*  until  the  crevice  extends  a  distance  of  75 
feet  or  more  from  the  bole  in  all  directions.  A  pipe  is  then 
cemented  into  the  hole  and  connected  by  means  of  a  globe 
valve  to  an  air  pipe  line  from  an  air compresser.  Compressed 
air  at  70  to  80  pounds  pressure  is  gradually  admitted  and  the 
cleavage  rapidly  extends  until  it  comes  out  upon  the  hillside 
in  a  thin  edge  as  indicated  by  the  cross^ection,  Fig  5.  A 
sheet  of  several  acres  in  extent  may  be  raised  in  this  manner, 
affording  a  bed  plane  approximately  horizontal,  to  which  the 
quarrymen  can  work,  tljus  securing  stone  of  any  required 
thickness.  The  first  time  compressed  air  was  used  a  pres- 
sure of  80  pounds  was  admitted  into  the  cavity  which  had 
previously  been  extended  to  a  distance  of  100  feet  from  the 

*After  being  drilled,  th«  hcde  ia  died  bj  a  sncoeasion  of  light  blasts 
naog  in  the  first  charge  abont  a  handful  of  blasting  powder.  The  opera- 
tion is  began  l^  discharging  about  a  quarter  of  a  pound  of  dynamite  in 
the  bottom  of  the  hole.  Thla  small  oharge  of  dynamite  pnlveriBes  the 
stone  sllghtl;  M  tfae  bottom  of  the  hole  and  formii  a  small  chamber.  The 
tampiaK  is  then  cleaned  out  of  the  hole  wbiob  is  reoharged  in  the  same 
nuuiner,  this  time,  however,  uidng  about  a  handfnl  of  powder.  The  re- 
charging  of  the  hole  is  continued  with  small  charges  of  'powder  until  a 
small  seam  has  been  started  at  the  bottom  of  the  hole  extending  parallel 
with  the  Burfaoe.  This  is  found  ont  by  osing  a  small  steel  rod  bent  at  the 
lowar  end  and  sharpened  to  a  point  and  passing  it  up  and  down  the  hole 
until  the  ciook  is  located.  After  the  crack  has  oaoe  been  started,  the  use 
of  light  charges  of  powder  is  oontinned,  increasing  the  charges  giodaally 
as  the  seam  is  found  to  extend  in  all  directions  from  the  lift  hole  until  the 
crevice  eztends  a  distance  of  7G  feet  or  more  from  the  hole. 
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lift-hole.  The  power  of  the  air,  however,  was  too  great  for 
the  easily  splitting'  stone  and  the  cleavage  turned  abruptly  to 
the  surface.  Is  the  next  hole,  however,  the  compressed  air 
was  admitted  very  gradually  and  the  slone  could  soon  be 
heard  cracking  in  all  directions  and  in  about  half  an  hour 
the  cleavage  came  to  the  surface  of  the  hillside  as  a  thin  edge 
some  225  feet  from  the  lift-hole.  To  extend  the  cleavage  by 
means  of  powder  for  a  hundred  feet  would  require  from  6  to 
12  days,  and  with  water  from  3  to  5  hours,  while  with  the 
compressed  air  the  larger  area  was  split  in  half  an  hour- 
Appended  to  the  volume  is  a  short  description  of  stone 
found  throughout  the  State  that  is  suitable  for  road  build- 
ing, together  with  a  table  showing  the  results  of  tests  made 
on  certain  stones  suitable  for  use  in  road  building. 

Although  this  volume  deals  especially  with  the  economic 
and  commercial  phases  of  the  building  stones  of  North  Car- 
olina, making  it  particularly  interesting  and  valuable  to  con- 
tractors, builders,  and  dealers  in  building  stones;  yet  there  is 
sufficient  detailed  scientific  work  included  to  make  it  of  con- 
siderable interest  and  value  to  the  student  of  North  Carolina 
geology. 
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WHERE  THE  WIND  DOES  THE  WORK.* 


BV  COLLISK   COBB. 

No  portion  of  the  North  American  continent  is  so  widely 
known,  and  at  the  same  time  so  little  known,  as  the  chain  of 
lowlyin(f  islands  and  fringing  sand-reefs  extending  along 
the  North  Carolina  coast  for  a  distance  of  more  than  three 
hundred  miles.  This  is  especially  true  of  Hatteras  Isl- 
and, a  sand  spit  whose  dangerous  projection  and  shifting 
shoals  have  made  this  portion  of  our  Atlantic  seaboard  a  ver- 
itable graveyard  of  American  shipping. 

Distinguished  scientists  on  both  sides  of  the  Atlantic  have 
discussed  the  origin  of  Cape  Hatteras  without  having  set  foot 
on  the  island  or  coasted  along  its  shores.  The  origin  of  well 
nigh  all  the  features  of  this  coast  have  been  discussed  at  long 
range,  and  yet  hardly  half  a  dozen  people  from  the  outside 
world  have  any  personal  acquaintance  with  the  island. 

It  was  on  this  coast  that  Fesseaden  and  Thiessen  experi- 
mented successfully  with  wireless  telegraphy.  At  Kitty 
Hawk,  on  these  banks,  the  Wrights  conducted  their  experi- 
ments in  mechanical  flight. 

Though  difficult  of  access  the  inhabitants  of  these  islands 
arc  in  close  touch  with  the  rest  of  world  by  the  telegraph 
and  telephone  lines  of  the  U.  S.  Weather  Bureau  and  the 
Life  Saving  Service  as  well  as  by  the  wireless  telegraph. 

Those  who  watch  the  reports  of  shipping  need  not  to  be  told 
that  winds  are  constant  in  this  region.  The  strong  winds 
of  midwinter  come  from  the  north,  and  the  gentler  steady 

*ThiB  artiole  appeared  in  the  National  Geographic  Magnzinr  for  Jnne, 
lOOe,  with  map  and  nino  UlnatntUonB  in  half-tone  from  photognphs,  and 
ii  ber«  reprinted  with  the  permisson  of  the  editor  of  that  magazine. 
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winds  of  midsummer  and  of  tbe  greater  part  of  the  year 
blow  usually  from  a  little  west  of  south. 

These  constant  winds  were  early  taken  advantage  of  by 
the  inhabitants,  and  windmills  for  grinding  corn  dot  the 
whole  chain  of  islands,  though  most  of  them  have  now  fallen 
into  disuse.  A  small  boy  on  Church's  Island  hauls  freight  for 
the  people  of  his  village  on  a  car  furnished  with  a  sail  and 
propelled  by  the  wind. 

The  frequency  of  wrecks  upon  this  coast  is  too  well  known 
to  require  comment;  though  such  is  the  efficiency  of  the  life 
savers,  who  brave  the  perils  of  any  storm,  that  life  is  rarely 
lost  here.  But  the  lightship  has  sometimes  been  broken  from 
its  moorings  on  Diamond  Shoals  and  driven  upon  the  Hat- 
ter as  Banks. 

The  strong  north-winds  pile  the  sands  up  into  great  bar- 
chanes  or  medanos,  cresentic  sand-dunes,  known  locally  as 
whaleheads,  which  are  steadily  moving  southward.  These 
are  best  developed  along  the  Currituck  Banks,  from  Virginia 
as  far  south  as  the  Kill  Devil  Hitls,  and  numbers  of  them 
may  be  seen  to  the  north  and  to  the  south  of  Currituck 
Light.  These  whaleheads  are  composed  of  singularly  homo- 
geneous blown-sands,  the  horns  or  cusps  pointing  to  leeward, 
which  is  almost  due  south. 

The  prevailing  winds  from  a  little  west  of  south  have  rip- 
pled the  heterogeneous  sands  on  Hatteras  just  south  of  the 
cape,  on  Shackleford  at  its  southwest  extremity,  and  on  the 
southwest  side  of  Smith's  Island.  These  wtnd-ripples, 
started  in  sands  exposed  by  the  removal  of  a  strip  of 
forest  next  the  shore,  have  grown  tn  size  to  great  sand 
waves  and  are  advancing  on  forests,  fields,  and  houses.  As 
the  sand-wave  has  advanced,  it  has  taken  up  several  feet  of 
the  loose  soil  over  which  it  has  passed,  undermining  houses, 
laying  bare  the  roots  of  trees,  and  exposing  the  bones  of 
the  dead  in  the  cemeteries. 

Diurnal  winds  from  tbe  sea  have  piled  the  sands  into  small 
wandering  dunes  and  hillocks,  and  even  sometimes  into  sand 
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waves  which  are  marcbia^  steatlily  inward  and  shoaling  the 
waters  of  the  sonnd.  At  Nag's  Head,  a  large  hotel  constituting' 
a  solid  ot>struction,  soon  had  a  sand  wave  built  up  a  short  dis- 
tance in  its  rear  until  the  level  of  the  roof  was  reached,  when 
the  wave  moved  forward  and  engulfed  the  hotel.  In  the  im- 
mediate neighborhood  two  cottages  suffered  a  similar  fate. 
Here  the  land  gained  on  the  sound  three  hundred  and  fifty 
feet  in  ten  years. 

On  the  northern  end  of  Hatteras  Island  a  fishing  village  has 
been  similarly  buried,  while  the  sand  has  entirely  crossed  the 
island  at  several  places  north  of  the  cape.  This  movement 
of  the  sand  was  started  just  after  the  Civil  War  by  the  cut- 
ting of  trees  next  the  shore  for  ship  timbers,  and  the  section 
is  still  known  as  The  Great  Woods,  though  not  a  stick  of 
timber  stands  upon  it  today.  Pamlico  Sound  for  two  miles 
from  the  Hatteras  shore  is  growing  steadily  shallower  from 
the  deposit  of  blown  sand. 

On  Smith's  Island  a  pilot's  village  has  been  buried  be- 
neath the  sand  wave  for  a  number  of  years,  but  this  has  been 
quite  recently  resurrected  and  its  bcuses  are  again  occupied. 
On  Currituck,  tielow  Caffey's  Inlet  Life  Saving  Station, 
the  sand  has  advanced  entirely  across  the  land,  and  one 
man  moving  his  home  before  the  advancing  sand  has  at  last 
built  his  house  on  piles  in  the  sonnd. 

The  writer  has  found  by  experiment  that  heterogeneous 
sands,  consisting  essentially  of  quartz,  orthoclase,  some  mica, 
iron,  bits  of  shells,  and  many  mineral  substances  showing  lit- 
tle if  any  decomposition,*  ripple  readily  in  the  wind  and  are 
easily  arrested.  This  he  accomplished  in  one  instance  by 
planting  the  seed  of  a  native  pine  and  covering  the  dune  with 
brush.  In  another  case  the  movement  was  checked  by  the 
unassisted  growth  of  grass  upon  dunes  from  which  hogs  and 
cattle  were  fenced  out.  Several  native  grasses  on  these  isl- 
ands are  excellent  sand-binders;  but  so  far  he  has  found  no 

*I  cxnuid«r  then  sandB  to  be  of  gUoial  origin.  Bonped  off  the  gnnlte 
rooks  of  Hew  fiiglsod  bj  the  ioe-aheet  of  the  iMt  glacial  epooh.— O.  0. 
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means  of  checking:  ^he  movemeat  of  homo^eaeous  sands  tbat 
do  not  ripple,  these  consisting  entirely  of  well  rounded  and 
wind-sorted  quartz  grains  of  the  same  size  throughout  a  sin- 
gle dune. 

Other  trees  beside  the  pine  may  be  used  as  sand  binders. 
Some  live  oaks  and  myrtles  serve  well  in  this  capacity,  and 
on  Hatteras  Island  young  olives  and  palms  have  been  observed 
growing  on  the  dunes,  though  this  is  the  northern  limit  of 
both  these  trees,  and  they  are  even  unknown  on  Ocracoke 
Island  next  to  the  south. 

As  already  pointed  out,  the  movement  of  these  sands  was 
in  every  case  started  by  the  deforesting  of  a  strip  of  land  next 
the  shore;  but  in  several  instances  nature  has  herself  grown 
forests  on  dune  sands.  Above  Kitty  Hawk  Bay  large  dunes 
are  covered  with  a  growth  of  pine,  maple,  oak,  cedar,  sassa- 
fras, locust,  elm,  beech,  persimmon,  sycamore,  hickory,  and 
in  the  damp  interdune  areas  cypresses  and  gums.  Here  are 
many  veteran  pines,  some  of  them  having  attained  a  diam- 
eter of  three  feet.  An  essentially  similar  forest  is  found 
growing  upon  the  high  dunes  to  the  southwest  of  Cape  Hat- 
teras, bnt  here  we  have  to  add  the  olive  to  the  list,  and  there 
are  broad  interdune  palmetto  swamps. 

On  Bogue  Banks,  where  deforesting  has  only  just  begun 
at  two  points,  we  have  20  miles  of  woodland,  the  virgin 
forest  extending  down  to  the  water's  edge  and  preventing  the 
formation  of  dunes. 

From  Southport  westward  into  South  Carolina  the  dunes 
have  moved  northward  and  inland  in  some  places  completely 
filling  the  lagoons.  At  one  point  such  a  filled  lagoon  has  pro- 
duced a  pine  forest  in  something  more  than  forty  yearfi. 

The  checking  of  these  moving  dunes  presents  a  problem 
of  increaing  importance  not  only  to  the  inhabitants  of  these 
sand  keys,  but  to  the  navigators  of  the  inland  water-ways  as 
well,  and  it  is  interesting  to  know  that  its  solution  is  at  hand, 
and  that  the  encroachment  of  the  sand  may  be  effectually 
stopped. 
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It  is  fortunate  thai  the  strong  north  winds  that  pile  up  the 
sands  and  the  strong  east  winds  that  cause  the  greater 
amount  of  the  sand  movement  blow  in  the  winter  months 
rather  than  in  the  season  of  plant  growth.  The  spring  rains 
are  usually  of  light  intensity  and  long  duration,  and  on  Hat- 
teras  Island  at  least  they  come  with  the  gentler  southwest 
winds.  Hence  it  is  comparatively  easy  to  plant  grasses  and 
shrubbery  in  late  winter  or  early  spring  and  have  them  gain 
a  firm  footing  and  accomplish  something  of  their  growth 
before  the  strong  winds  come. 

In  January,  1886,  the  writer  planted  the  seed  of  the  lob- 
lolly pine  on  the  back  of  a  dune  and  covered  the  area  with 
brush  cut  from  a  near-by  road  in  process  of  making.  The 
brush  served  not  only  to  break  the  wind  bnt  to  conserve  the 
moisture  of  the  sands,  and  today  there  is  a  forest  of  several 
acres  where  twenty  years  ago  was  a  moving  sand  waste.  The 
method  so  common  abroad  of  building  a  barrier  dune  by 
means  of  wind  breaks  has  been  tried  several  times  along  this 
coast,  but  always  without  success. 

The  atmospheric  humidity  of  Hatteras  Island  is  greater 
than  that  of  any  other  station  in  the  United  States  except  in 
the  Puget  Sound  region,  and  even  there  the  excels  over  Hat- 
teras is  not  great.  Yet  there  are  more  days  of  sunshine  on 
Hatteras  than  at  Cape  Henry,  or  Norfolk,  or  Wilmington. 
The  heaviest  rains  come  between  late  July  and  mid  October, 
after  the  plants  have  done  most  of  their  growing  for  the  year 
and  when  plants  in  many  parts  of  the  country  are  suffering 
greatly  from  the  drouth. 

The  people  of  these  islands  are  not  the  slothful  bankers 
and  rude  wreckers  pictured  in  song  and  story.  They  are  fair 
women  and  brave  men,  most  of  whom  live  and  do  for  others, 
— lifesavers,  heroes.  Their  homes  are  comfortable  and  well 
kept;  they  attend  regularly  upon  the  services  of  the  church, 
and  their  children  are  in  school  for  eight  months  of  the  year, 
for  the  inhabitants  of  Dare  County  have  voted  upon  them- 
selves a  special  tax  for  this  purpose.     The  islanders  have 
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herds  of  small  wild  ponies,  and  flocks  of  sheep  and  goats,  as 
well  as  cattle,  on  some  of  the  islands. 

True  some  primitive  customs  are  preserved  among  them, 
and  some  early  English  forms  of  speech.  Their  lodges 
used  in  fishing  and  hunting  are  built  after  the  most  primitive 
types  of  straw  thatch,  while  a  higher  type,  similar  to  that 
used  in  the  village  of  Gabii  in  the  days  of  Romulus  and 
Remus,  is  used  as  a  temporary  residence  during  their  camp 
meetings  in  the  summer,  and  this  higher  type  of  dwelling  is 
on  Hatteras  built  of  palmetto  thatch. 

There  is  no  better  type  of  the  average  man  than  the  native 
North  Carolina  banker. 

The  possibilities  of  these  islands  are  as  yet  undreamed  of  by 
their  inhabitants  and  utterly  unknown  to  the  outsider,  who 
visits  only  the  most  barren  of  them  in  the  duck-shooting  sea- 
son. 

The  regaining  of  the  shore  strip  by  reforesting  the  sands, 
and  the  retention  of  the  dunes  that  are  devastating  the 
meadow  lands,  would  make  of  Hatteras  Island,  at  least,  a 
subtropical  garden,  where  southern  fruits  and  early  vegeta- 
bles once  plentiful  here  might  come  into  the  market.  The 
game  still  lingering  among  the  wooded  dunes  would  be 
greatly  multiplied,  and  the  herds  of  wild  ponies  now  dwind- 
ling away  would  again  increase  in  numbers.  Then  conserva- 
tive lumbering  could  be  added  to  the  industries  of  the  island. 

It  is  also  within  the  range  of  possibilities  that  the  black 
beachsands  which  are  concentrated  by  wave  action  at  a  few 
points  might  be  made  to  yield  from  their  iron  ores  a  return 
for  the  labor  of  gathering  them. 
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THE    CORAL    SIDERASTREA    RADIANS    AND    ITS 
POST-LARVAL    DEVELOPMENT.* 


H.  V.  WI1.SON. 

The  Coral  Siderastrea  radians  and  its  Post-larval  Develop- 
ment. By  J.  E.  DoERDEnt-  Washington,  U.  S.  A.  Pub- 
lished by  the  Carnef^ie  Institution.  December,  1904.  Pp. 
130,  with  11  plates. 

This  handsome  Carnegie  memoir  contains  the  record  of 
an  investigation  begun  at  the  Institute  of  Jamaica  and  subse- 
quently carried  on  at  the  Johns  Hopkins  University  and  the 
American  Museum  of  Natural  History  in  New  York.  The 
author's  prolonged  residence  in  the  West  Indies  gave  him 
unusual  opportunities  in  the  way  of  command  over  living 
material,  and  the  memoir  makes  valuable  additions  to  our 
knowledge  on  many  points  of  coral  morphology. 

An  introduction  deals  with  the  systematic  zoology  and 
the  habits  of  the  species  which  is  abundant  and  accessible  in 
Kingston  harbor.  The  form  is  obviously  one  of  those  con- 
venient, hardy  types  destined  to  play  a  part  in  laboratory 
investigations  of  histolc^cal  and  physiological  character. 
Both  the  adult  colony  and  the  young  polyp  after  metamor- 
phosis ^ow  in  confinement  and  may  be  hand-fed.  There 
follows  an  ample  description  of  the  anatomy  of  the  adult. 
The  species,  like  other  West  Indian  corals,  is  possibly  pro- 
togynous,  although  Professor  Duerden  calls  to  mind  that 
Gardiner  has  established  the  converse  phenomenon,  protandry 

■Reprinted  from  Sct«ne«,  N.  S.,  Vol.  XXIII.,  No.  B8T,  Pages  497-198, 
Maroh  80,  1900. 

tProfeasor  Doerden  serred  u  Acting  Fixtfenor  of  Biology  in  this  Uni* 
T«ndt7  during  the  rear  190S-'03. 
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for  Ftabellum.  Duerden  takes  up  the  question  as  to  the  way 
is  which  the  coral  skeleton,  as  a  product  of  cellular  activity, 
is  produced.  He  confirms  Miss  Ogilvie's  observation  that  the 
corallum  can  be  seen  in  favorable  parts  of  the  adult  and  young 
polyps  to  be,  composed  of  minute  skeletal  units  of  a  polygonal 
shape  and  exhibiting  a  fibro-crystalline  structure.  But 
whereas  Miss  Ogilvie  interpreted  these  bodies  as  actual  cells 
which  were  produced  through  the  proliferation  of  the  ecto- 
derm, becoming  calcified  as  fast  as  produced,  Duerden  regards 
them  as  secretory  products  which  are  laid  down  wholly  exter- 
nal to  the  ectodermal  cells.  In  support  of  this  view,  essentially 
that  advanced  by  von  Koch,  Duerden  finds  that  the  layer  of 
ectoderm  concerned  in  the  production  of  the  skeleton  is  always 
a  simple  layer,  and  that,  moreover,  it  is  always  separated 
from  the  corallum  by  a  homogeneous  mesoglcea-like  stratum. 
It  is  in  this  stratum  of  homogeneous  matrix  that  the  author 
believes  the  calcareous  crystals  forming  the  skeleton  are  first 
deposited. 

A  third  section  deals  with  the  post-larval  development. 
The  larvae,  of  the  usual  coral  type,  were  obtained  in  July, 
and  were  kept  under  continuous  observation  for  some  months 
after  attachment.  Many  valuable  facts  concerning  the  suc- 
cession of  the  tentacles,  mesenteries  and  various  parts  of  the 
corallum  are  recorded  in  this  section.  A  feature  of  interest 
lies  in  the  attention  paid  to  individual  polyps.  The  partial 
transparency  of  the  young  animal  permits  of  instructive  views 
during  life,  and  thus  in  one  and  the  same  individual  the  cor- 
related development  of  the  various  organs  could  be  followed 
from  day  to  day.  A  result  of  this  method  was  that  periods 
of  rapid  growth  andrelative  rest  could  be  distinguished.  The 
author  points  out  that  a  phylogenetic  significance  possibly 
attaches  to  some  of  the  more  persistent  stages,  such  as,  for 
instance,  that  in  which  complete  pairs  of  mesenteries  (direct- 
ives) are  found  at  the  two  ends  of  the  oesophagus,  with  two 
pairs,  each  consisting  of  a  long  (complete)  mesentery  and  a 
short  one,  on  each  side  of  the  oesophagus.    This  condition 
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continued  unchanged  for  a  period  rarytngf  from  three  weeks 
to  three  months.  The  author's  theoretical  views  as  to  the 
meaning  of  this  partlcnlar  stage  are  summed  up  as  follows: 

The  long  retention  of  freedom  of  the  fifth  and  sixth  pairs 
of  protocnemes  suggests  to  my  mind  an  ancestry  in  which  the 
mesenteries  as  a  whole,  including  the  metacnemes,  were  alter- 
nately long  and  short,  excluding,  of  course,  the  axial  directives. 
Among  modern  examples  this  is  retained  in  the  mesenterial 
system  of  the  zoanthids,  PoriUs,  and  Madrepora,  and  was 
perhaps  characteristic  of  the  Rugosa. 

The  building  np  of  the  corallum  is  followed  out  in  detail 
throughout  the  formation  of  the  third  cycle  of  permanent 
septa.  Among  the  illustrations  of  this  part  of  the  work  spec- 
ial mention  is  due  the  microphott^japhs  of  macerated  skeletons 
of  developing  polyps,  and  the  figures  of  living  polyps  with  the 
beginning  skeleton  in  situ.  Much  interest  attaches  to  Pro- 
fessor Duerden's  account  of  the  development  of  the  septa.  It 
has  t>een  hitherto  assumed  that  the  septa  of  a  new  cycle 
appear  in  the  exocceles  (i'.  e.,  the  space  between  two  pairs  of 
mesenteries),  but  are  later  embraced  by  the  newly  appearing 
pairs  of  mesenteries  in  such  wise  as  to  lie  in  the  entocoeles 
(f.  e.,  the  space  between  the  mesenteries  of  a  pair).  Thus  the 
same  septa  would  be  first  exocoelic  and  then  entocoelic.  In 
opposition  to  this  scheme  Duerden's  observations  lead  him  to 
the  conclusion  that  while  exosepta  are  formed  in  successive 
cycles,  they  never  become  entosepta.  The  cycles  of  ento- 
septa  are  strictly  new  formations,  appearing  as  do  the  primary 
six  septa  in  entocoelic  spaces.  The  succession  of  the  cycles  of 
exoccelic  septa  is  maintained  through  the  continued  peripheral 
bifurcation  of  preexisting  exocoelic  septa.  The  bifurcated 
extremities  become  the  (exocoelic)  septa  of  a  new  cycle,  while 
the  main  septa  is  incorporated  in  the  growing  body  of  one  of 
the  last  formed  cycle  of  entosepta.  Having  respect  only  to 
the  actual  facts  as  observed  in  Siderastrea^  it  has  been  found 
that  any  one  of  the  permanent  septa,  later  than  the  first  six, 
has  a  double  origin.  It  is  in  part  a  new  formation  (entocce- 
lie),  and  in  part  a  preexisting  formation  (exocoelic).    The 
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two  parts  fuse,  aad  the  fusion  is  interpreted  by  Professor 
Duerden  as  the  incorporation  by  a  growing  organ  of  the  rem- 
nant of  a  vanishing  organ.  In  a  developing  corallum  according 
to  this  view  exosepta  are  formed  at  each  stage  of  growth, 
only  to  disappear  as  the  permanent  septa,  entosepta,  come 
into  existence.  Thus  the  development  of  coral  septa  affords 
an  excellent  example  of  sut>stitution:  temporary  organs  pre- 
cede and  are  replaced  by  permanent  organs  performing  the 
same  function  as  the  former.  As  a  corollary  to  this  con- 
clusion the  author  expresses  his  belief  that  the  exoseptal 
predecessors  of  the  permanent  septa  do  not  wholly  disappear 
in  all  corals,  as  independent  structures,  but  persist  in  some 
species  in  the  shape  of  the  jhi/f  found  in  front  of  the  larger 
septa. 
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jfl— NAPHTHYLAMINE. 


Al,vra  S.  WHBEtBR  AND  V.  C.  DANIELS. 
[Ohemioal  Labonttor  of  the  UulTersilT  of  North  OaroUiia.] 

In  an  attempt  to  prepare  condensation  products  of  chloral 
with  the  two  isomeric  naphtbjl amines,  wc  were  able  to 
obtain  the  addition  products  only.  These  latter  were  pro- 
duced when  the  reaction  was  carried  out  at  the  ordinary,  or 
better,  somewhat  reduced,  temperature.  If  the  reactioa  mass 
was  heated  to  one  hundred  degrees  in  order  to  eliminate  the 
elements  of  water  and  thus  obtain  a  condensation  product, 
the  reaction  went  too  far  and  black  oily  substances  resulted. 
We  studied  the  addition  products,  however,  and  found  that 
they  were  formed  by  the  addition  of  one  molecule  of  chloral 
to  one  molecule  of  the  naphthyl amine.  This  work  was  done 
in  the  spring  of  1905  and  since  the  same  compounds  have 
recently  been  described  [L.  Rugheimer,  Ber.  d.  deutsch 
Chem.  Ges.  39,  1662]  we  wish  to  record  our  results,  althoug-h 
we  had  intended  to  await  further  accumulation  of  material. 

Chloral— a— Naphthvlamine,  CCl^CHOH.NHC^Hj. 

Seven  ^rams  of  chloral  (M.  W.=147)  were  dissolved  in  10 
cubic  centimeters  of  cold  benzene  and  5  grams  of  a — naphthyl- 
amine  (M.  W.=143),  dissolved  in  15  cubic  centimeters  of  ben- 
zene, were  added  slowly  with  constant  stirring;.  By  surround- 
ing the  beaker  with  cold  water  the  temperature  is  kept  suffic- 
ienHy  low.  About  50  cubic  centimeters  of  Hgroin  are  next 
added,  causing  a  very  dense  white  crystalline  precipitate. 
The  yield  of  the  dried  product  was  7.8  grams,  the  theoretical 
being  10.1  grams.     The  melting  point  of  the  crude  substance 
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was  89''C.  Purification  was  effected  by  dissolving  in  as 
small  an  amount  of  cold  benzene  as  possible  and  precipitat- 
ingf  with  ligToin.  Vigrorous  stirring  for  about  ten  minutes  is 
of  considerable  assistance  in  causing  a  complete  precipitation. 
The  melting-  point  was  raised  to  92''C. 

The  following  analytical  results  were  obtained: 

I.  0.226S  gram  substance  was  heated  with  0.5908  g  silver 
nitrate  and  fuming  nitric  acid  in  a  sealed  tube.  11  c.c.  stan- 
dard ammonium  sulphocyanate  solution  (1  c.c.^0.0173  g 
AgNOj)  were  used  in  titrating  the  excess  of  AgNO,. 

II.  0.2117  g  substance  gave  0.3900  g  CO,. 

III.  0.2117  g  substance  gave  0.0727  g  1^0. 

IV.  0.3697  g  substance  gave  17  c.c.  nitrogen  at  22''C.  and 
under  a  pressure  of  756  mm. 


Calculated  for 

Found 

C„H,0NC1, 

I.      II.      III.      IV. 

Cl 

36.61 

36.88 

c 

49.58 

50.24 

H 

3.48 

3.81 

N 

4.83 

5.32 

Chloral- 

1— Naphthylamiae  i 

s  soluble  in  glacial  acetic  acid. 

alcohol,  and  benzene  and  slightly  soluble  in  ligroin  and 
ether.  It  is  a  white  crystalline  compound,  the  needle  like 
crystals  collecting  in  bundles  like  sheaves  of  grain.  It  is 
insoluble  in  water  and  turns  black  when  the  water  is  heated. 
It  can  not  be  long  exposed  to  light. 

Chi  ORAL— ^Naphthvla  MINE,  CCI,CHOH.NH.C„H, 

Five  grams  of  ^ — naphthylaraine  were  dissolved  in  as  little 
ether  as  possible  and  to  this  solution  were  added  7  grams  of 
choral  in  10  c.c.  of  ether.  After  concentrating  the  solution 
to  about  20  c.c,  lig-roin  was  added  in  considerEble  quantity. 
A  dense  while  precipitate  of  the  addition  product  was  imme- 
diately thrown  down.  On  account  of  the  difficult  solubility 
of  P — naphthjlamine  in  ether,  too  much  of  it  was  used  in  our 
first  work  and  the  isolation  of  the  product  after  the  addition 
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of  Hjrroin  was  troublesome.      Riigheimer  uses  chloroform  in 
place  of  ether  in  this  preparation.      The  yield  of  pure  sub- 
stance was  rather  small,  about  27  per  cent  of  the  theoretical. 
The  following  analytical  results  were  obtained: 

I.  0.2289  g  substance  was  heated  with  0.6148  g  silver  nitrate. 
1.53  c.c.  of  standard  ammonium  sulphocjauate  solution  (see) 
above)  were  used  to  titrate  the  excess  of  silver  nitrate. 

II.  0.2862  g  substance  gave  0.2332  g  CO.. 

III.  0.2862  g  substance  gave  0.0%1  g  H,0. 

IV.  0.2912  g  substance  gave  12.2  c.c.  nitrogen  at  IS'C  and 
under  a  pressure  of  758  mm. 

Calculated  for  Found 

C..H„0NCl3  I.      II.      II.      IV. 

CI  36.61  36.98 

C  49.58  50.08 

H  3.48  3.52 

N  4.83  4.82 

The  /3 — isomer  crystallizes  in  colorless  needles  and  in  the 
mass  is  light  and  bulky.  It  is  solnble  in  ether,  benzene,  and 
alcohol  but  only  slightly  soluble  in  ligroiu.  It  melts  at  104'*C 
and  soon  decomposes  on  exposure  to  the  light. 

The  constitution  of  these  addition  products  is  represented 
by  the  following  graphic  formulae: 

Chloral— o—naphthylamine,  CCl, 

HOCH 
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Chloral— /3 — naphthylamine, 

H 

NH— C— CCl, 

OH 


Chapel  Hill.  N.  C, 
Sept.  24,  1906. 
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A  busioess  meeting  was  held  on  September  27,  1*»05,  for 
the  purpose  of  electing'  officers.  The  election  resulted  as  fol- 
lows: 

H.  V.  Wilson,  President. 

Archibald  Henderson,  Vice-PresiAent. 

F.  P.  Venable,  CorrespoHtiing  Secretary. 

A.  S.  Wheeler,  Recording  Secretary. 

Editorial  Committee:  W.  C.  Coker,  Cbairman,  A.  Hender- 
son, J.  E.  Latta. 

The  following  programs  were  carried  out  during  the  col- 
lege year,  1905-1906: 

161st  Mebtimg,  October  17,  1905 

Paper  Making — A.  S.  Wheeler. 

On  the  Formation  of  Regenerative  Bodies  in  Sponges 
When  Kept  in  Confinement — H.   V.   Wilson. 

162nd  Mbsting,  January  23,  1906. 


Tropical  Notes— If'.  C.  Coker. 

A  Group  of  Cross  Ratios — A.  Henderson. 
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163rd  Mbbting,  Fbbrdabv  13,  1906. 

The  Epiplotcal  Appendages—  C.  S.  Mangum. 

The  Cement  Gold  Ores  of  South  Dakota—/.  H.  PraU. 

Colloidal  Solutions—/?.  O.  E.  Davis. 

164TU  Mebting,  March  13,  1906. 

President  F.  P.  Venable  addressed  the  society  on  "The 
Progress  of  Chemical  Research  in  the  United  States." 

165Ta  Mehting  Aprii.  10,  1906. 

The  Panama  Canal— IF/7/rVim  Cain. 

166th  Meftino  Mav  8.  J906. 

An  Architectural  Scheme  for  the  University  Buildings — ^V. 
C.  Curtis. 
Recent  Work  in  Osmosis— C.  H.  Herly. 

BusiNRSs  Meeting.  September  17,  1906. 

The  annual  business  meeting  was  held  in  Room  4,  in  the 
new  Chemical  Laboratory.  The  following  o£Bcers  were 
elected  for  the  coming  year: 

C.  H.  YUxi.^— President. 

W.  C.  Coker-  Vice-President. 

F.  P.  Venable — Corresponding  Secretary. 

A.  S.  Wheeler — Recording  Secretary. 

Editorial  Committee:  W.  C.  Coker,  Chairman,  A.  Hender- 
son, J.  G.  Latta. 

167th  Mhkting,  October  9,  1906. 

Geology  and  Forestry  in  the  Ducktown  Region — Collier 
Cobb, 
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Deforesting  of  the  Ducktown  Regfion  by  Sulphur  Fumes — 
Hampden  Hill. 
The  Electric  Smelting  of  Iron  Ores— C.  H.  Herty. 

1<>8th  Meeting,  Novbhbkr  20,  1906. 

Denatured  Alcohol — A.  S.  Wheeler. 

The  Mutual  Absorption  of  Attraction  by  the  Attracting 
Particles—/.  E.  Mills. 

A.  S.  Whbblkh, 
Recording  Secretary. 
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MOLECULAR  ATTRACTION.  VL 

On  the  Mctcal  Nkctralization  of  the  Attraction  by 

THE  Attracted  Particles  and  on  the  Xatcre 

OP  Attractive  Forces. 


By  J.  E.  Mills. 


Introduction.     We  have   in   several   previous  papers*   dis- 
cusiicd  an  equatiun  of  the  form. 
L   ~  E, 

^  Constant,    (Lisheatof  vaporizationof 

til  -(a 
a  liquid,  £*,,  is  tbe  oneri^y  spent  in  oTercoming;  external  pres- 
sure, (f  and />  are  the  densities  of  liquid  and  vapor  respec* 
lively).  This  equation  was  derived  theoretically  on  the 
assumption  that  the  attraction  between  the  molecules  of  a 
liquid  varied  inversely  as  the  square  of  their  distance  apart 
and  did  not  vary  with  the  temperature.  The  equation  has 
now  been  tested  for  thirty-three  substances  over  wide  rang'es 
of  temperature,  (usually  from  near  the  freezing  point  of  the 
liquid  to  the  critical  temperature),  and  the  evidence  in  favor 
of  the  truth  of  the  equation  is  exceedingly  strong.  This 
evidence  will  be  briefly  reviewed  later.  But  admitting  the 
truth  uf  the  equation,  does  it  necessarily  follow  that  the 
assumed  law  of  attraction  was  the  true  one?  Could  it  be 
possible  that  some  other  law  of  attraction  operating  either 
by  itself,  or  in  connection  with  other  energy  changes  would 
give  a  similar  equation?  It  is  with  this  phase  of  the  ques- 
tion that  the  present  paper  is  concerned,  and  we  will 
endeavor  to  show  that  the  assumptions  upon  which  the  equa- 

•Jonr.  I>ta7*.  Ob«m..  6.  9U8,  (1M3);  i&B9,   (IIKM);  8,698,   (I«Oi)i  »,40i, 
(i(H»j;  10,1,  (l»06). 
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tton  is  based  are  contct,  and  that  the  equation  is  correctly 
deduced.  Having  i^iven  tbe  evidence  upon  this  point  we 
show  further  that  the  conclusion  may  be  drawn  with  con- 
siderable certainty  that  tbe  molecular  attraction  is  mutually 
absorbed  by  the  attracted  particles.  Finally  our  knowled)i^e 
of  the  laws  of  molecular  attraction  enables  us  to  institute  a 
comparison  with  other  attractive  forces  and  obtain  some  very 
sugf^estive  results. 

The  conclusions  to  be  drawn  so  closely  concern  our  funda- 
mental ideas  of  matter  that  we  may  be  pardoned  for  briefly 
calling  attention  to  laws  and  ideas,  more  or  less  generally 
admitted,  upon  which  the  present  work  is  based. 

TbB   FUNUAMBNTAt   IdBAS    SeKVING    AS    A    BaSIS    FOR    THB 

Present  Work, 

Our  Idea  of  Matter.  Since  scientists  are  somewhat  divided 
in  their  belief  as  to  the  ultimate  nature  of  matter,  we  would, 
even  though  it  involves  repetition  from  a  previous  paptar, 
make  clear  our  own  p4>sition  in  this  regard,  for  the  question 
with  which  we  are  dealing  leads  back  to  a  consideration  of 
the  nature  of  qiass  as  we  measure  it,  if  not  to  a  consideration 
of  the  nature  of  mattor.  Because  we  use  the  term  "mole- 
cule", "molecular  attraction",  and  "distance  between  the 
molecules",  we  do  not  wish  to  be  undirstood  -is  possessing 
the  idea  that  a  molecule  is  necessarily  a  little  hard  sphere  or 
some  olher  particulHr  shape  of  a  piece  of  "something" 
extended  in  spaci-.  In  the  latter  part  of  this  papiT  we  have 
something  to  say,  (by  way  of  speculation  suggested  by 
the  facts  to  be  con^idored\  regardinR-  the  possible  ultimate 
nature  of  mass.  But  in  the  present  part  of  this  pajicr  we  do 
not  care  to  consider  the  nature  of  matter.  We  do  not  care 
whether  it  consists  wholly  of  a  "something"  that  possesses 
the  property  of  extension,  or  wholly  of  energy,  or  is  a  mix- 
ture of  the  two.  Tho  litw  of  gravitation  has  been  shown  to 
bold  Iwtween  certain  large  masses  of  a  thing  commonly 
called    "matter".     If   later  it   happens   to    be    proved    that 
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natter,  (in  the  sense  of  an  "ezlended  something"),  is  not 
reality  and  that  only  energy  exists,  we  do  not  suppose  the 
proof  will  greatly  affect  the  calculations  of  the  astronomers, 
or  the  position  of  the  heavenly  bodies,  or  their  movement  in 
accordance  with  the  law  of  gravitation.  The  object  of  this 
series  of  papers  is  to  throw  light  upon  the  law  of  attraction 
which  exists  between  smaller  masses  of  the  same  material  of 
which  these  larger  bodies  are  more  conspicuous  representa- 
tives. Following  considerable  precedent,  we  have  called 
these  "smaller  masses"  molecules,  a  term  which  conveys  to 
every  scientist  a  group  of  properties  sufficiently  clearly 
defined  for  the  jmrpose  in  view.  By  the  expression  "distance 
between  the  molecules",  we  mean  the  distance  between  their 
centers  of  mass — an  expression  exactly  analogous  to  the  dis- 
tance between  two  heavenly  bodies.  The  "center  of  mass" 
is  therefore  a  mathematical  point,  determined  by  the  same 
principles  that  would  be  used  for  large  masses.  The  term 
"molecular  attraction"  indicates  a  forci;  which  can  be  regarded 
as  having  its  origin  at  the  mathematical  point  thus  deter- 
mined. We  are  accordingly  entirely  free  from  any  assumption 
as  to  the  size  of  the  particles  (molecules),  their  nature,  or 
the  ultimate  cause  of  the  force.  What  we  really  assume  is, 
that  in  nature  certain  forces  ac(  as  though  they  proceeded  frovt 
mathematical  faints,  and  we  clothe  these  mathematical 
points  with  the  name  "mok-cule". 

The  Kinetic  Theory  of  Gases.  It  is  by  no  means  necessary 
for  us  to  point  out  how  the  laws  of  gases  discovered  by 
Boyle  and  Gay  Lussac,  and  the  simple  relations  connecting 
the  densities  of  gases,  discovered  by  Gay  Lussac,  but  stated 
most  clearly  in  the  terms  of  Avogardro's  hypothesis,  that  equal 
volumes  of  all  gases  contain  the  same  number  of  molecules, 
are  explained  by  the  kinetic  theory  of  gases.  Nor  how 
this  theory  similarly  explains  Dalton's  law  for  the  pres- 
sure of  mixed  gases  and  Henry's  law  governing  the  solution 
of  a  gas  in  a  liquid.  Nor  how  the  theory  lead  Clark  Max- 
well to  the  discovery  of  the  law  governing  the  viscosity  of 
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^ases,  and  Waterston  to  the  simple  relation  existing  between 
the  two  specific  heats  of  a  g-as.  Van  der  Waals  theory  also 
is  a  fruit  of  the  kinetic  theory,  and  indeed  the  kinetic  theory 
has  been  the  stitnulus  and  the  guide  to  much  of  the  work 
upon  both  liquids  and  gases.  We  do  not  believe  that  there 
are  many  chemists  who  will  object  to  the  acceptance  of  the 
kinetic  theory  of  gases  as  a  basis  for  further  work. 

According  to  the  kinetic  theory  of  gases  wu  may  regard 
the  total  energy  of  a  gaseous  molecule  as  being  the  sum  of 
certain  amounts  of  energy  which  may  be  quite  clearly  differ^ 
entiated  from  each  other.  We  would  distinguish  these  ener- 
gies as  follows: 

I.  The  chemical  eni;rgy,  or  energy  of  combination  of  the 
atoms  constituting  the  molecules.  It  can  be  shown,  inde- 
pendently of  theory,  that  the  molecule  must  possess  this 
energy  at  the  absolute  aero  of  temperature,— 273''C.  (We  do 
not  suppose  that  all  mution  ceases  at  this  temperature.  Just 
what  part  of  the  motion  ceases  is  perhaps  even  yet  a  matter 
of  doubt).  To  prove  this  proposition  we  will  consider  the 
reaction. 

2.016  grams  hydrogen  (gas)  +  16.00  grams  oxygen  (gas)  = 
18.016  grams  water  (liquid). 

The  amount  of  heat  evolved  by  this  reaction,  when  taking 
place  at  18''C  has  been  measured  by  Thomsen  and  found  to 
be  68420  calories.  Now  the  total  amount  of  heat  necessary 
to  raise  hydrogen  and  oxygen  from  the  absolute  zero  to  IS^C 
can  be  ascertained  from  the  following  data. 

Hydrogen  Ozjgen 

Melting  point  I4,l<*  iTnvers  Below  50"  Travera 

BoiliuK  point  20.41  TraT«M  90.30  iTraven 

SpeoiOo  DMCof  wilid         2  3     CMi.    Kopp  0.2.'5    Oals.  Kupp 
!  I  Bitimated 

IDewM  0  847    ■'      Ah 

"        Wfedeuiann  0.3175  '•      Regiianlt 
S  Estimated  . 

Heat  of  Fiuton  IB  0  \  Dewar  14.9       "     'Biitlinated 

HeU  of  Yaporlntiou    t^S.O       "        Dewar  60.93    "      Alt 
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The  specific  heat  of  ice  is  givpi  as  0.4627  by  Regnault  aod 
the  heat  of  fusion  of  ice  av  7^'^  calories  by  Smith. 

If  to  the  energy  added  to  tlie  substance  as  specific  heat  of 
the  solid,  liquid,  and  g-as,  respectively,  there  be  added  the 
heat  of  fusion  and  the  heat  of  VHporization,  we  will  obtain  the 
total  heat  required  to  raise  the  body  from  the  absolute  Mto 
of  temperature  to  the  chosen  temi)eraturc,  in  this  case  to 
IS^C.  We  have  therefore  for  the  total  energy  necessary  to 
raise  the  temperature  from  0°  absolute  to  IS^C  for, 

2.016  ^n.  of  hydrojfen  =  2286  calories. 

16.00  grs.  of  oxyjren  =  2015         " 

18.016  grs.  of  water  =  3865         " 

The  values  given  are  probably  maximum  values  and  oot 
very  far  from  the  truth  except  in  the  case  of  water,  where  we 
think  the  value  would  probably  be  considerably  too  larg^, 
due  to  the  use  of  the  specific  heat  for  ice  as  found  by 
Reg-nault  between  -Tg^'and  0*C  as  reprt:sentative  of  the  aver- 
age specific  heat  of  ice,  -273°  to  0°.  The  value  of  the  speci&c 
heat,  judgiug  from  analog'y,  probably  decreases  as  the  tem- 
perature is  decreased. 

It  appears  therefore  that  in  raising  the  2.016  grams  of 
hydrogen  and  the  16.0i^>  grams  of  oxygen  from  the  absolute 
zero  to  18''C  only  4301  calories  of  energy  were  required,  while 
at  this  temperature  68420  calurtes  were  given  out  when  they 
combined.  Since  the  water  formed  possesses  about  3865 
calories  of  energy,  it  follows  that  the  hydrogen  and  oxygen 
possessed  at  lea^t  67984  calories  of  chemical  energy  at  the 
absolute  zero.  Further,  since  only  the  difference  betwei^n 
the  chemical  energy  of  the  //,  and  O^  on  the  one  hand  and  of 
the  ^^O  on  the  other,  is  ascertained,  we  cannot  make  any 
statement  as  to  Die  actual  amount  of  chemical  energy  pos- 
sirssed  by  the  H,  and  O^  at  the  absolute  z«ro.  We  can  only 
say  that  it  is  certainly  not  less  than  67984  calories.  It  may 
be  many  times  more. 

It  follows  from  the  above  that  the  chemical  energy  has. 
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been  either  entirely  unaffected  by  llie  chang^e  in  temperature 
of  291°,  or  lias  been  affected  only  in  a  very  minor  degree. 
For  a  stable  cheniiciil  body,  wtiere  the  change  in  temperature 
is  not  large,  we  have  little  hesitation  in  saying  that  the 
chemical  energy,  £*«  ,  of  the  body  is  a  constant. 

1.  Ar   =  constant. 

We  will  return  later  to  a  further  discussion  of  the  chemi- 
cal energy. 

2.  The  Translational  or  Kinetic  Energy  of  the  Molecule. 
This  energy  for  any  particular  molecule  is  equal  to  }6  the 
mass  of  the  molecule  multiplied  by  the  square  of  its  velocity. 
It  follows  from  the  well  known  investigation  of  Clerk  Max- 
well that  the  velocities  of  the  different  molecules  of  a  gas 
vary  somewhat,  but  the  variation  is  confined  within  rather 
narrow  limits  and  only  very  few  of  the  molecules  have  a  velo- 
city greatly  above  or  greatly  below  the  average  molecular 
velocity.  This  theorem  of  Maxwell  regarding  the  distribu- 
tion of  velocity  among  the  molecules  of  a  gas  has  been 
proved  with  strictness  for  the  supposition  that  the  molecules 
act  on  each  other  only  at  the  moment  of  collision.  For  such 
a  condition,  using  the  constants  adopted  in  former  papers, 
the  sum  of  the  translational  energy,  Ek ,  of  all  of  the  mole- 
cules can  be  represented  by, 

?■ 

2.  Et   =     %RT  =   2.9817— calories, 

tn 

where  7  is  the  absolute  tempcratur';,  and  m  is  the  mole- 
cular weight  referred  to  oxygen  =  16.00  as  standard. 

It  has  never  been  shown  that  tJie  translational  energy  of  a 
molecule,  when  the  molecule  is  subject  to  attractive  force, 
can  be  calculated  by  Ibis  formula  and  the  formula  is  there- 
fore proven  (with  assumption  of  the  kinetic  theory)  o«ly  for 
so-called  "perfect'  'gases. 

3.  The  Internal  Energy  of  a  Molecule.  Experiments  have 
shown  that  the  specific  heat  of  a  gas  at  constant  pressure  ia 
nearly  a  constant  over  considerable  ranges  of  temperature.  The 
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variation  from  absolute  constancy  appears  to  be  due  to  varia- 
tions from  the  gas  laws,  when  the  gases  examined  are  far 
removed  from  the  cundition  d<.'si{piated  as  "perfect"  gases,  and 
also  to  certain  progressive  changes  taking  place  within  the 
molecule  as  the  temperature  is  raisod — the  progressive  changes 
finally  ending  in  the  decomposition  of  the  molecule.  The  meas- 
urements therefore  make  it  very  probable  that  for  a  perfect 
gas,  and  one  that  is  chemically  stiible,  (that  is,  one  in  which 
the  chemical  energy  does  not  change  with  the  temperature), 
the  specific  heat  at  constant  pressure  would  be  a  constant. 

But  for  such  gases  the  law,  /*!'  =;  J^T,  holds  true,  and 
consequently,  PtiV  =  RdT,  which  for  a  change  of  one 
degree  gives,  Pdv  ^^  R.  If  w^  andir,,  denote  the  specific 
heat  at  constant  pressure  and  conslant  volume  respectively, 
we  have, 

3.  »p   _  <r„   =  R. 

If  the  increase  in  the  translational  energy  of  the  molecules 
of  any  gas  be  subtracted  from  the  specific  heat  at  constant 
volume  of  the  gas,  a  certain  residue  remains,  (equal  to  zero 
for  monatomic  gases),  which  we  shall  consider  as  being  due 
to  a  change  in  the  internal  energy,  £"*  ,  of  a  molecule.  We 
will  have,  therefore, 

dE^         dEi 

4.  <r„    = 1-    =  Constant. 

dT  d'f 

True  strictly  only  for  a  "perfect"  gas. 
Now  from  the  theory  by  Waterson, 

»p         dEk   -\-  dEi    +  R 

5.  Y  =  "  =  ,  rfT"  being  equal  to  l^C. 

dEt    +  dEi 

Wherefore  substituting  for  R  its  value,  ?4£'t,  and  solving, 

H  -  y  r  %  -  Y   ")  7" 

6.  Ei    =  Eh   =  2.9817     —  Calories. 


%  -  r  1  2" 
_, 

Y  -  1    Jm 
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The  internal  energy  in  a  perfect  gas  is  therefore  proporttonal 
to  the  translational  energy. 

The  exact  function  of  the  internal  energy  required  by  a 
molecule  has  never  been  satisfactorily  explained,  but  the  fact 
that  it  is. proportional  to  the  translational  energy  leads  to  the 
belief  that  the  internal  energy  is  a  direct  consequence  of  the 
translational  energy  It  should  be  understood  however, 
that  equation  6  embodies  ho  assumption  whatever  regarding 
the  internal  energv-  That  it  is  proportional  to  the  transla- 
tional energy  follows  necessarily,  if  the  specific  heat  at. 
constant  volume  is  a  constant  and  if  the  gas  law,  PV  =  RT, 
holds  true.  Nor  will  the  possibility  that  this  internal  energy  is 
merely  the  rate  of  change  of,(the  differential  of),  thechemical 
energy  with  the  temperature,  in  any  way  affect  our  conclusion. 

The  data  upon  the  specific  heat  of  gases  cannot  be  dis- 
cussed briefly.  Much  of  the  data  is  given  and  discussed  ia 
Meyer's  Kinetic  Theory  of  Gases  and  in  Nernst's  Theoretische 
Chemie.  Reference  must  be  made  to  these  or  similar  works 
for  the  actual  data  showing  the  constancy  of  the  specific 
heat  under  the  conditions  set  forth  above. 

4,  The  Energy  of  Position  Due  to  the  Attraction  between 
the  Molecules. 

It  is  the  purpose  of  this  series  of  papers  to  show  that  this 
potential  energy  is  due  to  an  attractive  force  emanating  from 
each  molecule — that  this  force  varies  inversely  as  the  square 
of  the  distance  apart  of  the  molecules—  is  mutually  neutralised 
by  the  attracting  particles — and  is  unaffected  by  temperature 
changes.  We  will  later  deduce  the  law  governing  this 
energy. 

5.  The  Energy  of  Volume  Due  to  the  External  Pressure. 
This  energy,  it  is  evident,  is  measured  simply  by  the  pressure 
times  the  volume.     Denoting  this  energy  by  £",  we  have, 

7.  £",    =  0.0,41833/"^  calories. 

Where  P  is  expressed  in  millimeters  of  mercury.  The 
constants  used  have  been  given  it)  previous  papers. 

We  can  regard  a  perfect  gas  as  a  gas  in  which   there  is  no 
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energy  due  to  attraction  and  therefore  the  energy  of  such  a 
(fas  could  be  represented  thus:— 

8     S£'   =    Echrniirat    +    ^Kinrlu-    +    Elnlrrnal    +    EsiitTnat  ■ 

We  can  also  regard  a  perfect  gas  as  one  in  which  the  mole- 
cules are  so  far  removed  from  each  other  that  their  mutual 
attraction  has  no  appreciable  effect  in  modifying  the  motions 
of  the  particles.  Such  a  gas  would  still  possess  potential 
energy  due  to  the  attraction  and  we  would  therefore  have, 

9.    %E    =    Echrmiml    +    EKitteUc    +    Elnternal    +     EAUracUvt    + 
Egxiernal  ■ 

We  could  differentiate  between  the  chemical  energy  as 
being  a  function  of  the  atoms,  the  kinetic,  internal,  and 
attractive  energies,  as  being  a  function  of  the  molecule,  and 
the  external  energy  as  being  a  function  of  the  mass.  The 
internal  energy  may  be  only  the  differential  of  the  chemical 
energy  with  respect  to  the  temperature,  and  consequently,  be 
more  directly  a  function  of  the  atoms. 

Equations  S  and  9  represent  the  condition  of  things  in  a 
perfect  gas.  If  we  now  consider  a  saturated  vapor  or  a 
liquid,  where  the  molecules  are  so  close  together  thai  the  gas 
laws  are  not  obeyed,  it  is  evident  from  what  has  already 
been  said  that  Ec  is,  if  the  body  be  chemically  stable,  the 
same  as  for  that  substance  when  existing  as  a  perfect  gas.' 
The  value  for  the  external  energy  can  be  readily  calculated, 
independently  of  assumptions,  save  the  first  law  of  thermody- 
namics. The  internal  energy,  Ei ,  is,  we  have  seen,  propor- 
tional to  the  translational  energy,  Ek,  and  it  is  highly 
improbable  that  this  proportionality  would  be  destroyed  by 
the  nearness  of  the  molecules  and  their  increased  mutual 
attraction.  The  kinetic  energy  of  the  molecules  might  itself 
be  altered,  equiition  2  having  been  proved  to  hold  only  for  a 
perfect  gas.  But  where  mathematical  proof  is  lacking, 
experimental  evidence  has  taken  its  place.  Since  Van't 
Hoff  showed  that  for  undissociated  dissolved  substances  the 
osmotic  pressure  given  by  a  dissolved  substance  was  equal  to 
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the  pressure  tbat  the  dissolved  substance  would  exert 
were  it  a  ^as  at  that  volume  and  temperature,  it  has  been 
very  probable  tbat  the  osmotic  pressure  was  due  to  the  same 
cause  as  the  ^as  pressure  viz: — the  motion  of  the  dissolved 
particles,  aod  therefore,  the  kinetic  energ-y  of  the  dissolved 
sutntauce  is  the  same  that  it  would  be  for  a  g^as  under  the 
same  conditions  of  teiriperature  and  volume. 

The  molecules  of  the  dissolved  substance  could  not  have  an 
average  kinetic  energ*;  different  from  the  averag'e  kinetic 
energy  of  the  molecules  of  the  solvent,  a  fact  long  agx)  pointed 
out  by  Ostwald".  Therefore  it  seems  probable  that  equation 
2  holds  also  for  liquids. 

(The  work  of  Morse  and  Frazerf  shows  that  the  theory  of 
Van't  HofF  needs  some  modification,  and  the  work  of  Kahlcn- 
bergt  is  i"  evidence  against  the  theory.  We  would,  as 
regards  the  work  of  Kahlenberg,  point  out  that  his  experi- 
ments numbers  53,  S9  and  UO  show  that  the  dissolved 
substance  was  obeying  Boyle's  Inw  for  gases,  (as  concerns 
concentrations),  and  experiment  5.^  '^as  performed  without 
stirring.  Also  the  manometer  tube  attached  to  Kahlenberg's 
osmotic  cell,  as  given  by  him,  was  only  of  0.5  mm.  bore,  and 
consequently,  to  produce  a  rise  of  SOcms.  in  his  manometor 
tube  only  Wo  of  a  cubic  centimeter  of  liquid  needed  to  enter 
the  cell.  The  amount  of  LiCl  leaving  the  cell  was  0.0130 
and  0,0267  and  of  cane  sugar  0.114*)  and  0.2205  grams  and  the 
osmotic  pressure  is  dftermitied  by  the  relative  rale  of  inflow  and 
outjlow.  It  seems  to  us  jmssible,  also,  that  thermometer 
effects  of  the  cell  were  not  wholly  eliminated  from  influenc- 
ing the  results.  We  would  not  therefore,  as  yet,  abandon 
Van't  Kofi's  theory  and  its  results  as  a  reason  for  believing 
that  equation  2  holds  also  for  liquids  and  that  the  average 
kinetic  energy  of  the  molecules  of  a   liquid   is   equal   to   the 

•Solntlone,  p.  14T,  148. 
tAmer.  Ohem.  Jonr.  S4,  1,  1900, 
tJour.  Phfi.  Ohem  ,  10,  8,  Ul,  (IBOe). 
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averaf^e  kinetic  energy  of  the  molecules  of  its  vapor  at  the 
same  temperature). 

Further  Traube  finds  that  his  "co-volume"  for  liquids 
varies  as  the  absolute  temperature*. 

We  give  additional  evidence  bearing  on  the  truth  of 
equation  2  later  in  this  paper. 

If  it  be  granted,  then,  that  equation  2  holds  also  for  liquids 
and  for  saturated  vapors,  the  energy  of  a  molecule  of  a  vapor 
differs  from  the  energy  of  a  molecule  of  a  liquid  only  because 
of  changes  in  /lo  and  E, .  The  latter  change  is  easily  cal- 
culated and  we  can  therefore  obtain  a  measure  of  the  former 
— the  energy  change  due  to  the  attraction. 

Expressing  the  above  belief  in  a  different  form  we  may  say 
that  the  energy  necessary  to  change  a  liquid  into  a  gas  must, 
then,  be  spent  solely  in  overcoming  the  external  pressure  and 
in  altering  the  distance  apart  of  the  molecules.  (Unless  the 
molecule  breaks  apart  also  or  nears  the  point  of  disruption). 
Denoting  the  heat  of  vaporisation  by  L  and  the  energy 
necessary  to  overcome  the  external  pressure  during  the 
change  from  liquid  to  gas  by  /^,  J<  —  E,  must  equal  the 
energy  spent  in  overcoming  the  molecular  attraction. 

DKRIVATION  of  THK  EQUATION. 

The  derivation  of  the  equation  expressing  the  energy  due 
to  the  molecular  force  as  given  in  the  lirst  paper  of  this  series 
was  not  carried  out  with  strictness  and  we  therefore  give 
below  a  proof  which  we  believe  to  be  mathematically  rigorous. 

Let  V  and  ^represent  the  volume  of  the  liquid  and  vapor 
before  and  after  expansion,  and  d  and  D  represent  the  cor- 
responding densities.  Let  n  equal  the  number  of  molecules 
and  m  the  mass  of  each  molecule.  Suppose  the  molecules 
evenly   distributed    throughout  the  space  occupied  by  them. 

"Nnmeroiu  papeTB.  Amoog  othora:  J.  Tntnbe,  GnuidrlHd.  Phji.  Oh«n,, 
BolUmnn,  FMtiohrltt  (1904).    Saannlang  OI)«mtM)her  and  Obanklagli— 
ir  VortiMC*  IT,  SS8. 
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Then  _ 

^JL  and  the    f  JL 

represent  the  relative  distance  apart  of  the  molecules  of  liquid 
and  vapor  respectively. 

It  ia  hii^hlj  improbable  that  the  molecules  of  a  liquid  are 
evenly  distributed  throughout  the  space  occupied  by  them 
But  if  they  are  shifted  from  their  ideal  position  by  reason  of 
the  attractive  force,  the  particles  would  g-ain  in  kinetic 
energy  exactly  so  much  as  they  would  lose  in  potential 
energy.  We  may  therefore,  without  error,  consider  them  to 
be  shifted  back  into  this  ideal  position  of  even  distribution^ 
and  the  fundamental  supposition  upon  which  the  mathema- 
tical work  given  below  is  based,  is,  that  the  molecules  of  a 
liquid  and  the  molecules  of  its  vapor  have /wse,  (exclusive 
of  Sa  and  Er  ),  the  same  energy  zv/ien  they  are  in  this  ideal 
position  oi  even  distribution  throughout  the  space  occupied 
by  them. 

If  this  supposition  represents  truly  the  condition  of  the 
molecular  energy,  then  it  is  possible  to  find  the  law  govern- 
ing the  forces  which  act  between  the  molecules.  For  we 
have  only  to  assume  the  law  and  deduce  the  corresponding 
equation.  If  the  deduced  equation  fails  to  agree  with  the 
experimental  facts  then  another  law  could  be  assumed  and 
the  process  repeated  until  the  correct  supposition  had  been 
made. 

We  will  assume  that  the  molecular  attraction  varies  inversely 
as  the  square  of  the  distance  apart  of  the  molecules  and  is  a 
mutual  property  of  each  pair  of  molecules.     Hence  the  force 


where  fn  is  the  attraction  at  unit  distance  on  unit  mass,  and  r 
is  the  distance  apart  of  the  molecules  whose  mass  is 
represented  by  m. 
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If  now  we   consider  two  molecules  whose  distance   apart  is 

bcfoFc  expansion,  (vaporization),  after  expansion  their  dis- 
tance apart  will  be 

and  the  worV  done  in  pulling-  them  apart  will  be, 


10. 


dr        m'li.'  \     1  1 


x\f':        *'-\ 


where  x  is  an  unknown  constant.  If  we  in  turn  consider 
the  work,  W^,  done  in  pulling-  all  of  the  molecules  awa;  from 
one  molecule,  and  sum  up.  we  will  have,  similarly, 

r  1        11 

H.    W,  =  tiff    T7^  —  -p^       + 


If  HOW  we  take  anj  other  molecule  and  similarly  sum  up 
the  energy,  W^,  required  to  pull  all  of  the  molecules  away 
from  it,  we  have  for  the  work  so  done, 

■     [      1  1 

f    1          "l    '        1                                11 
—  +  +  +    +  I 

I  JT     x:     x;  X'„.t] 

By  similarly  extending:  the  process  to  the  other  molecules, 
each  considered  in  turn  as  a  center,  we  will  obtain  a  series  of 
similar  expressions,  »  in  number.  The  last  factor  of  each 
member  of  the  series  depends  only  upon  the  number  of  the 
MOleculei  n,,  and  is  entirely  independent  of  the  nature  of  the 
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molecules  or  of  the  forces.     We  may,    therefore,  denote  this 

last  factor  in  the  different  series  by  c,,  c,.  r, r„ , 

Summing' up  the  entire  H  series  of  equations  we   will  have, 
13.     H^  +    W,  +    W^  +   +    ii;  = 


+  ^. 


ctorof  this  & 
ules  remainf 
e  have  then  : 

""V  ^  "  <"  '^r' 

tire  energ-y 
other  as  v; 

internal   hi 


The  last  factor  of  this  equation  is  a  constant  if  the  nuui- 
t>er  of  molecules  remains  the  same.  Let  C  represent  this 
constant.     We  have  then  for  the  total  work  of  expansion,   II', 

14.      W  -  nt'A 

Equation  14  gives  the  entire  energ-y  required  tn  pull  all  of 
the  molecules  from  each  other  as  vajioriKaliim  proceeds.  Ii 
must  therefore  equal  the  internal  hoat  ol  vaiwrization  :ind 
we  have  for  mass  M. 


MiL  -  /:,),= 


Lettinf^  tl  --  ,   1)  =  ,   .1/    -  ww;,   wtt  have, 

V  V  . 


or  fur  a  constant  mass, 


■  :::=  Constant. 


f—-fD 

The  constant  of  equation  17  we  shall  call  / 

vln  the  previous  derivation  of  this  equation  17,  we  assumed, 

c,   =  <^,  =  c,  =;   =;  c«,  a  fact  which  isexpetimentatly 

true,  but  which  is  contradictory  to  the  law  of  attraction 
assumed,   if   the  latter  is  unmodided.     Also  we  regarded  the 
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entire  attraction  in  each  case  as  proceeding  from  one  mole- 
cule and  being'  measured  by 


instead  of  being  a  mutual  property  of  the  two  molecules  and 
being  measured  by 

See  further  below). 

EviDKNCK  Proving  the  Equation. 

The  evidence  provirfg  that 

L  -   E, 


is  equal  to  a  constant,  has  been  given  in  the  second,  third 
and  fifth  papers  of  this  series.  We  would  only  summarize 
here  by  saying  that  thirty-6ve  substances  have  now  been 
examined,  at  intervals  of  10°  C,  over  wide  ranges  of  tempera- 
ture, extending  usually  fmm  near  the  boiling  point  of  the 
substance  to  the  critical  temperature.  Within  ten  degrees  of 
the  critical  temperature  there  is  an  apparent  divergence  due 
to  causes  shown.  Omitting  these  observations  out  of  435 
remaining  observations  on  26  different  substances  only  thirty 
differed  from  the  mean  value  of  the  constant  for  that  sub- 
stance by  more  than  two  per  cent  and  only  four  of  these 
thirty  by  more  than  five  per  cent.  The  reason  for  most  of 
these  divergences  is  suspected  and  investigation  will  be  made 
of  them  later.  Of  the  remaining  substances,  Cf),,  jV  (7,  and 
SO^,  gave  probably  as  good  agreement  as  the  data  permitted. 
Five  other  substances  were  associated  and  showed,  as  was  to 
be  expected,  a  divergence  fn.ni  a  constant  value  for  the  con- 
stant, and  ..VwC/.  likewise  showed  a  divergence.  The 
evidence  in  favor  of  the  truth  of  the  equation  is  therefore 
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most  convincing;.  That  the  equation  itself  is  true  can  hardly 
be  doubted  when  the  evidence  is  examined.  But  does  it 
follow  that  the  assumed  law  of  attraction  is  the  true  one? 

Thb  Neutralization  ofthe  attraction  by  the  Attracted 
Paktiolbs. 

The  answer  to  this  question  is  of  great  interest.  For  il 
the  attraction  between  the  moK-cules  varies  inversely  as  the 
square  of  their  distance  apart,  then  the  resultant  attraction 
caused  by  the  larg'e  number  of  molecules  must  apparently 
increase  as  we  proceed  outward  from  an  interior  centrally 
chosen  particle.  This  follows  because  the  number  of  mole- 
cules increases  as  the  cube  of  the  distance  from  the  centrally 
chosen  molecule,  whereas  the  attraction  varies  only  inversely 
as  the  square  of  that  distance.  Hence  the  resultant  attrac- 
tion of  any  mass  upon  a  particle  exterior  to  the  mass,  wlien 
rpg-arded  as  proceeding  from  tlie  center  of  tliiit  mass,  must 
vary  as  the  mass. 

The  molecular  sphere  of  action  could  n..t,  therefore,  be 
small  but  would  embrace  th.-  entire  m;iss  taken.  Now  we 
regard  the  evidence  that, the  molecular  sphere  of  action  is 
small,  a^  being"  beyond  dispute  and  will  not  attempt  here  to 
g-ive  the  evidence  for  this  idea.  But  we  will  ])oint  out  that 
the  dorivi'd  equation  1<>,  itself  bears  evidence  tlmt  wo  have  in 
previous  papers  been  considerinif  only  one  phii^if  >i(  tlic 
question.     The  equation  was  gfiven  in  the  form, 


t  d    -  f  U  n't  "^ 

where  M  represents  the  mass  of  liquid  l^iki-n  fur  the  vap4>riK;t- 
tion.  Now  in  the  test  of  the  equation,  the  numl>er  of  moli'- 
cules  was  assumed  constant,  and  this  was  justifiable,  since  it 
would  be  experimentally  jiossible  to  have  them  constant. 
But  should  they  vary,  wo  know  experimentally  that  the  left 
hand  side  of  the  equation  varies  simply  with  the  mass  taken. 
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While  the  right  hand  side  of  the  equation  varies,  not  alone 
because  of  the  variation  thus  caused  in  Jlf,  but  also  because 
of  the  variation  caused  at  the  same  time  in  C  and  in  h. 
Since  C  is  function  of  m,  it  might  be  supposed,  as  one  occurs 
in  the  numerator  and  the  other  in  the  denominator,  that  the 
variation  would  cancel.  We  have  not  succeeded  in  summing: 
up  the  n(«  — /  )  terms  represented  by  the  Cof  equation  16, 
but  ihe  relation  of  Cto  »  can  be  obtained  bj  attacking  the 
problem  somewhat  differently, 

Helmholtz  in  1854  investigated  the  amount  of  energy  that 
would  be  given  out  by  the  contraction  of  the  sun  in  order  to 
determine  if  the  energy  continually  radiated  from  that  body 
cuuld  be  thus  obtained.  In  this  investigation  he  assumed 
that  the  particles  of  which  the  sun  was  composed  were  at 
the  same  temperature  before  as  after  the  contraction,  the 
excess  of  energy  having  been  radiated  off  into  space.  He 
also  assumed  that  the  force  acting  between  the  particles  of 
the  sun's  mass  obeyed  the  Newtonian  law  of  gravitation, 
Hence  the  investigatiou  was  essentially  the  same  as  the  one 
above  carried  out.  But  Helmholtz  made  possible  a  better 
mathematical  treatment  by  the  assumption  that  the  sun  was 
homogeneous  in  density.  We  take  the  liberty  of  giving 
below  the  investigation  as  given  by  Helmholtz*. 

"Consider  a  homogeneous  gaseous  sphere  whose  radius  is 
Ji„  and  density  o-.  Let  jW„  represent  its  mass.  Let  i/m  represent 
an  element  of  mass  taken  anywhere  in  the  interior  or  at  the 
surface  of  the  sphere.  Let  A*  be  the  distance  of  ^m  from  the 
center  of  the  sphere,  and  let  M  represent  the  mass  of  the 
sphere  whose  radius  is  /?.  The  element  of  mass  in  polar  coor- 
dinates is, 
18.     dM  =  aIfcos^d^9dIi. 

The  element  is  subject  to  the  attraction  of  the  whole 
sphere  within  it.  As  can  shown,  the  attraction  of  the  spher- 
ical shell  outside  of  it  balances  in  opposite  directions  so  that 

•OeltiBtiol  Meobanlc*.    MonltoD,  p.  68. 
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it  need  not  be  considered  in  discussing  the  forces  acting:  upon 
dM.  Every  element  in  the  infinitesimal  shell  whose  radius 
is  y?  is  attracted  towards  the  center  by  a  force  equal  to  that 
acting  on  d.if:  therefore  the  whole  shell  may  be  treated  at 
once.  Let  dM,  represent  the  mass  of  the  elementary  shell 
whose  radius  is  J?,  It  is  found  by  integrating  18  with 
respect  to  0  and  i^.     Thus, 

.  2»     «ir 


^    0    </    ~-f 


19.    dM.  =  <j{^dR    \     {    \  cos'^^\d6  =  Aw^/fdR. 

K'MdM, 


The  force  to  which  dM,  is  subjected  is  - 


The  elemet.t  of  work  done  in  moving  dAI,  through  the  ele- 
ment of  distance  dR  is 

K'M 

dW,    =   -dM, dR. 

R" 

The  work  dont:  in  moving  the  shell  from  the  distance  CR  to 
R  is  the  integral  of  this  expression  between  the  limits  CR 
and  R,  or 

JR     dR        dM^H^M/C  -   !\ 
= ( \ 
CR  R-              R       \      C     / 
But  M  =  '\v<tR^\    hence  substituting  the  value  of  dM,  from 
equation  19  and  representing  the  work  done  on  the  elementary 
shell  by  W,    =  dW,  it  Jollows  that 

dW=  ".ya'Ki ^RdR. 


"-K-T-)^ 


The  integral  of  the  expression  from  O  to  R^  gives  the  total 
amount  of  work  done  in  the  contraction  of  the  homogeneous 
sphere  from  radius  CR^  to  R^.     That  is 
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20.  W='-,yii'Ki J  I     ' JfdR  =*.,^^&-Ic(-~\r^ 

which  may  be  written 

21.  W  =  %K'MA I 

\^,         Cff./ 

Now  if  the  contraction  takes  place  between  the  limits 
^•J  and   f"^ 


we  have  for  the  work  done, 
22. 


i2.    ^='1,^'///^^-^)  = 


0.9682A^yV*(f  "d"  —  ^"B^ 
Comparing  this  expression  with  equation  14  we  have  only 
to  replace  the  attraction  at  unit  distance  between  the  ele- 
ments of  mass,    by  the  molecular  attraction  at  unit  distance 
and  observe  that 

C  =  0.%82«H 
if  the  mass  were  of  uniform  density  throughout  We  cannot 
see  how  the  transformation  from  a  sphere  of  uniform  density 
to  one  of  uniformly  distributed  particles  could  effect  any 
change  in  the  energy  relations  involved.  We  would  there- 
fore write : 

M  (  L-E,  ) 
23.     =  0.9682/t'il/'ft 

So  long  as  a  constant  mass  is  taken  the  eqnation  will 
reduce  to  the  form, 

L~Et 
=  constant. 

If,  however,  the  mass  be  varied,  the  equation  informs  us  that 
the    work    done    should  vary  as  the  five-thirds  power  of 
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the  mass.  It  should  require  three  and  two-tenths 
times  as  much  beat  to  vaporize  two  grams  of  a  liquid  as  to 
vaporiae  one  gram.  As  a  matter  of  fact,  we  know  that 
it  only  requires  twice  as  much  heat  to  vaporize  two  grams 
as  to  vaporize  one  gram.  How  is  this  discrepancy  to  be 
explained? 

In  attacking-  this  problem  we  would  call  attention  to  the 
fact  that  the  equation, 

L-E, 
=^  constant. 

does  correctly  represent  the  variation  of  the  energy  change 
caused  by  the  attraction  with  the  distance,  as  is  shown  by 
the  evidence  accumulated  in  previous  papers  and  as  indicated 
in  the  brief  summary  above.  It  seems  reasonable  therefore 
to  suspect  the  cause  of  the  variation  to  be  due  to  the  numer- 
ator of  the  function  representing  the  law  of  the  force, 

if 
and  not  the  denominator. 

If  now,  we  study  the  action  of  other  attractive  forces,  such 
as  magnetic  forces,  we  find  an  explanation  of  the  apparent 
contradiction  at  once  suggested.  The  magnetic  foroc  varies 
directly  as  the  product  of  the  strengths  of  the  ijoles  and 
inversely  as  the  square  of  their  distance  apart.  But  the  inter- 
position of  a  piece  of  sheet  iron  into  the  magnetic  field 
t>etween  the  magnet  and  the  attracted  particles  serves  to  cut 
off  the  attraction,  mon;  or  less  completely,  from  the  formerly 
attracted  particles.  Whether  we  look  upon  the  interposed 
sheet  of  iron  as  actually  absorbing  the  force,  or  as  merely 
changing  the  direction  of  the  lines  of  force,  is  not  essential, 
the  result  at  least  is  clear— particles  beyond  the  interpobcd 
sheet  are  subject  to  less  attraction  (because  of  the  interposi- 
tion. So  if  we  were  to  imagine  a  magnetized  particle  of  iron 
surrounded  by  other  particles  of  iron,  evenly  distributed,  and 
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similarly  ma|fnctizcd,  the  attraction  would  vary  inversely 
as  tbc  square  of  the  distance  apart  of  the  particles  and  yet 
the  sphere  of  action  of  any  particular  particle  would  be  small, 
due  to  tbc  shielding  action  of  the  particles.  And  it  seems  to 
us  that  we  may  have  here  an  exact  representation  of  molecu- 
lar attraction. 

There  is  much  indirect  evidence  to  support  such  a  conclu- 
sion. The  attraction  dcsij^nated  as  chemical  affinity  is 
mutually  absorbed  by  the  combining  bodies.  At  least  the 
force  is  canceled  by  the  combination  so  far  as  its  effect  on 
other  particles  is  concerned.  The  combination  of  one  sodiutn 
atom  with  one  chlorine  atom  certainly  serves  to  shield  other 
hodicsfrom  the  attractions  of  both  the  sodium  and  the  chlo- 
rine, rendering"  them  in  a  large  measure  chemically  inert. 
And  this  action  is  commonly  represented  by  saying  that  the 
"bond"  of  tbc  sodium  is  neutralized  or  saturated  by  the 
"bond"  of  the  chlorine.  As  we  have  just  mentioned,  a  simi- 
lar effect  happens  with  magnetic  forces.  If  electrical  forces 
be  considered  we  find  again  the  same  to  be  true.  And  if  we 
undertake  to  consider  yet  more  closely  the  nature  of  attrac- 
tions in  general,  is  it  not  apparent,  that,  whatever  the  ulti- 
mate nature  of  the  attractive  forc£  may  be,  yet  it  cannot  be 
infinitely  multiplied?  That  just  so  much  force  must  emanate 
from  each  particle,  and  if  this  force  is  exerted  on  one  particle 
there  will  be  somewhat  less  of  the  force  remaining  for  the 
remaining  particles,  fs  il  not  unreasonable  to  suppose  thai  a 
particle  could  exeri  its  attractive  pull  upon  one  thousand,  or  one 
million,  or  one  hundred  million,  particles  and  yd  always  have 
Justus  much  of  its  force  remaining  to  exert  on  other  particles 
brought  within  the  same  distance?  We  are  notconfusing  force 
and  eni-rgy.  Can  a  man  by  means  of  a  rope  exert  the  same 
pull  on  each  of  twenty  other  men  that  lie  could  exert  on  one 
man?  Does  not  each  stress  exerted  lessen  by  just  so  much 
the  power  of  a  man  to  exert  a  similar  pull  upon  other  things? 
Can  we  multiply,  ad  infinitum,  any  force  about  whose  real 
nature  we  know  anything  at  all,   merely  by  the  introductioi^ 
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of  further  objects  upon  whkli  the  force  can  be  exerted?  Is 
there  any  form  of  wave  motion,  vibration  or  emanatioti, 
known,  whose  effoit  can  be  thus  infinitely  increaseil? 

Ixwk  at  the  question  from  the  other  side.  Is  it  reasonable, 
that  llie  intrinluction  of  particles  of  matter  into  the  space 
surrounding^  a  molecule  chould  be  absolutely  without  influ- 
ence on  tlic  eniannlion  which  proceeds  from  the  molecule  and 
gives  rise  to  the  phenomena  of  attraction?  And  that  this 
filling  in  of  the  space  surroundinfr  a  molecule  with  other 
particles  of  matter  (or  centers  of  energy,  if  you  choose) 
should  be  able  to  continue,  ad  infinitum,, without  disturbing- 
the  attractive  radiation  proceeding  from  the  body? 

Moreover  the  mere  fact  that  all  of  the  attractive  forces, 
whose  law  of  variation  with  the  distance  we  know;  do  vary 
inversely  as  the  square  of  the  distance  from  the  attracting 
body,  is  evidence,  that  the  attractive  force  is  in  each  case  some 
sort  of  -vavc  motion  or  emanation  whose  intensity  decreases 
directly  in  proportion  to  the  increase  in  the  surface  of  the  -wave 
or  finanatton  front,  since  and  tiecause  this  surface  varies  as 
the  square  of  its  distance  from  the  origin.  Can  we,  on  the  ont 
hand.betieve  that  the  intensity  of  these  forces  thus  decreases, 
and  on  the  other,  consider  them  unmodified  by  the  presence 
of  matter  and  capable  of  infinite  multiplication  by  the  intro- 
duction of  additional  matter  into  an  infinite  range  of  action? 

In  place  of  such  a  conception  we  would  introduce  the  idea 
that  the  ittlradive  forces,  •whatever  their  nature,  -whether 
chemical,  moleailar,  tnagnetic,  electrical,  or  gravitational, 
which  proceed  from  a  particle,  are  definite  in  amount.  If  this 
iiltruction  is  exerted  upon  another  particle  the  amount  of  the 
attraction  remaining  to  be  exerted  upon  other  particles  is  dimin- 
ished by  an  exactly  equivalent  amount. 

We  are  of  course  aware  that  no  such  diminution  of  the 
attraction  is  supposed,  or  is  supposed  possible,  for  gravita- 
tional forces.  That  certain  facts  have  led  to  the  belief, 
difficult  of  conception  as  it  may  be,  that  this  force  attracts 
every  particle  of  matter  in  the  universe  exactly  as  if  no  other 
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particle  of  matter  were  pnsent.  And  that  these  facts  would 
at  once  be  urjfed  as  contradicting  the  above  statement  as  to 
the  attractive  forces,  Wc  would  answer  by  calling  attention 
in  detail  to  the  evidence  in  favor  of  the  above  idea, 

Further  Evidence  Kbgahding  the  Molecular  Attraction 

As  regards  the  molecular  attraction  the  conclusions  cited 
above  have  been  based  on  evidence  which,  for  purposes  of 
examination,  may  conveniently  be  divided  into  five  steps  as 
follows; — 

1.  The  equality  of  the  energ'j  per  se  of  the  molecules  of  a 
liquid  and  of  the  moleculis  of  its  vapor  at  the  same  tempera- 
ture. That  is  Ec  -\-  Ek  -\-  Ei  for  a  molecule  of  a  liquid 
equals  £'«+£'*  +  Ei  for  a  molecule  of  its  vapor,  the  dif- 
ference in  their  energy  consisting  of  a  difference  in  Ea  and 
E,. 

2.  The  assumption  that  the  attraction  was  a  mutual  pro- 
perty of  each  pair  of  nioKcules,  varying;  directly  as  the  mass 
of  the  molecules,  (so  lony  as  the  same  chemical  body  is  con- 
sidered), and  inversely  as  the  square  of  the  distance  apart  of 
the  molecules.     Later  modified  by  5  below, 

3.  The  derivation  of  an  equation  expressing  the  energy  rela- 
tions necessitated  by  the  above  two  conditions. 

4.  The  experimental  evidence  deduced  in  favor  of  the 
equation. 

5.  The  facts  leading  to  the  supposition  that  the  molecular 
attraction  is  mutually  absorbed  by  the  attracting  particles. 

Examining  these  steps  separately,  let  us  see  which  are 
open  to  doubt.  Considering  first  the  fimrth — the  experi- 
mental evidence  in  favor  of  the  equation — we  would  here  add 
nothing  new.  But  we  would  put  one  portion  ol  the  evidence 
in  a  more  striking  form.  Wc  will  use  tlie  equation  derived 
by  Helmbolts  in  1854  as  expressing  the  energy  given  out  by 
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the  contraction  of  the  sun,  to  calculate  the  energy  ^iven  out 
bj  the  contraction  of  isopcntanc  from  a  gas  to  a  liquid. 
The  equation  of  lUlinholtz  has  been  given,  equation  22,  and 
is,  for  a  change  of  volume  corresponding  to  a  change  of  den- 
sity from  /?  to  d, 

22.      IV=  0.96a2A''J/%(^5  —   fD) 

To  apply  the  equation  to  one  gram  of  isopentane  we  have 
only  to  substitute  for  the  constant  in  the  above  equation,  the 
value  for  this  constant  that  we  have  already  found,  105.4. 
The  equation  then  becomes, 
24.      W=  lOSAifd  —  ^U). 

We  give  below  in  Table  1  the  data  and  the  results.  The 
values  given  by  equation  24  are  in  the  column  headed  W. 
Under  the  he;uling  L  —  Ee  vc  give  the  values  of  the  inter- 
nal heat  of  vaporization  as  actually  determined  from  Young's 
measuremcntb.  It  is  inconceivable  to  us  that  the  agreement 
between  Vfand  L  —  Et   could  be  accidental. 


TABLE  1 


Teiii)Kir- ,  Dvriiiit;  of  |  Dtiiieity  at 


SO 

RI96 

40 

.6988 

60       i 

.5769 

m 

5640 

100       1 

-5278 

190        j 

.4991 

140 

.4643 

Iff)        1 

.4!W« 

ISO         , 

.3488 

186        1 

U*i 

187        1 

.3867 

187.4     1 

.2761 

187.8 

.2848 

.004480 
.007819 
.01284 


.1358 
.1574 
.18SB 


^T-f-D 


.1(340 
.6871 
.BSeT 
.4788 
.4127 
.3816 
.3086 
.1890 
.0005 
.0713 


u 

L-E, 

70.9 

81.8 

76.8 

76. 3 

71.6 

86.8 

664 

81.9 

61.8 

66.4 

66.7 

60.6 

48.6 

44.0 

84.0 

91.4 

31.0 

14.7 

14.0 

O.S 

8.0 

7.6 

6.0 

The  formula  used  by  IMinhoUz  to  represent  the  contraction 
of  the  sun  docs  represent  Ihc  contraction  of  isopentane  from  the 
gaseous  to  the  liquid  roiuiiltou.  And  not  only  isopentane  but 
essentially  as  well    all  of  the   non-associated  substances  ex- 
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amined  by  us.  /"'or  we  have  already  pubhshed"  similar  compar- 
isonsfor  all  of  these  siibslances,  the  only  difference  being;  that  we 
added  to  the  enerffy  }jiven  out  by  the  contraction,  the  value 
of  the  energy  due  to  the  action  of  the  external  pressure,  and 
thus  obtained  the  heat  of  vaporization.  We  have  here 
republished  the  results  for  isoi»cntane  as  coming;  from  Hclra- 
holtz'  formula  only  to  emphasize  the  statement  that  we  have 
not  gone  t>eyond  the  facts  when  we  declare  that,  as  regards 
variation  ■with  the  distance,  the  law  of  molecular  attraction  is 
identically  the  same  as  the  law  oj"  gravitation,  and  precisely  the 
same  formula  is  applicable  to  both. 

The  formula  is, 
25.     E„  =  /(^"rf"  —  f^). 

where  ^  has  the  meaning-  assig'ned  previously  in  this  and 
earlier  papers. 

As  regards  the  third  step  mentioned  above— the  derivation 
of  the  equation — we  can  detect  no  flaw  in  the  proof  given  by 
the  author,  or  the  proof  pivcn  by  Hclmholts,  the  basis  of  the 
mathematics  as  expressed  in  steps  1   and   2  t)eing  granted. 

As  regards  the  second*  step — the  assumption  of  the  law 
of  the  attraction — the  fact  that  a  true  equation  was 
deduced,  entirely  theoretically,  from  the  assumption,  is  the 
surest  evidence  that  the  assumed  law  was  the  true  one.  One 
point  remains  to  be  examined  here.  Could  any  other  law  of 
attraction  have  produced  the  same  equation,  or  one  equally  in 
accord  with  the  facts? 

To  satisfy  ourselves  upon  this  jioint  we  have  in  a  similar 
manner  deduced  the  corresponding  equations  on  the  assump> 
tion  that  the  attraction  varied  as  the  third,  the  fourth,  the 
fifth,  and  the  sixth,  powers  of  the  distance  between  the  mole- 
cules. These  equations  would  take  the  form; — 
For  the  inverse  third  power  of  the  distance, 

•Sae  third  paper  of  tiiia  aeriM,  TbMm  I  to3l,  and  flrth  p«per.  Table*  16  to 
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dfi  -  Dn 


■  =  0.484  Ift'iWi  =  Constant  for  a  constant 


mass. 
For  tbe  inverse  fourth  power  of  the  distance, 
MiL  -  A,  ) 

27. =  0.3227ft' j1/  =  Constant   for  a  constant 

d  -  I> 
mass. 
For  the  inverse  fifth  power  of  the  distance, 

M{L  -  E, ) 
28.     =  0.2420ft' ,W%  =  Constant  for  a  constant 


For  the  inverse  sixth  power  of  the  distance, 
MiL  -  E,  ) 

29.     . =  0.1936fi"^Wi  =  Constant  for  a  constant 

^  —  Z»4 
mass. 

A.pplyingf  these  equations  to  isopentane,  the  constant  given 
1 
by  equation  2&  is  shown  in  the  column  beaded  —  the  constant 


given  by  equation  27  in  the  column  headed  —  etc.     Tbe  val- 

■  r* 
ues  at   the  critical  temperature,   187.8°C,   were  obtained  by 
substituting  for  L  —  E,  its  value, 

dP 


.0,3,S33(r-.)(7-^-^) 

ting  equa 
ions  are, 

^^  p\ 
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and  getting*  the  limit  of  the  resulting  equation  where  Fwas 
eqaul  to  v.     The  resulting  equations  are, 
For  the  limit  of  equation  26, 

/dP 
30.    Constant  =  .0477F«4  — T- 
\dT 
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iDtc. 


For  the  limit  of  equation  27, 


31.    Constant  = 


.0.31833  Via T- 

\dT 


For  the  limit  of  equation  28, 

IdP  \ 

32.     Constant  =  .0,23">tTirf T  —  P  \ 

\dT       r 

For  Ihe  limit  of  equation  29, 

/dP 

Constant  =  .0.191  V%  ( 


'S^-") 


The  critical  temperature  is  IST-S^C,  the  critical  pressure  is 
25020  millimeteni  of  mercury,  the  critical  volume  is  4,268,  and 

dP 
the  —  at  the  critical  temperature  is  406,   from  the  measure- 

dT 
meats  by  Dr.  Sydney  Younjj. 

It  wilt  be  seen  that  when  the  equation  is  deduced  on  the 
assumption  that  the  attraction  varii-R  inversely  as  tho  square 
of  the  distance  apart  of  the  molecules  a  constant  is  oblaived, 
and  oti  HO  other  supposition  does  the  corresponding  equation 
)(ive  a  constaut.  It  is  evident  therefore  that  no  simple  change 
in  the  assumption  as  to  the  variation  of  the  attraction  with  the 
distance  will  serve  to  explain  the  fad  that  the  heat  of  vapor- 
txatioit  does  vary  proportionately  to  the  viass  taken. 

TABLE  2— ISOPENTANB. 


Tempera- 
ture 


i-£; 


si.se 

MM 

40  la 


.6881 

.4445' 


D 

1      1 

1 

1      ; 

r*    1 

1 

1 

mm 

107.2 

111  a 

127,6; 

147  R 

171.5 

vnsmi 

104.6 

loa.u 

117.9 

IMf 

16».8 

09033 

97  tl 

111.6 

1»4I 

06884 

106  1* 

»3.» 

IW.O 

mi 

lao.s 

1268 

103.4< 

86.7 

HHtl 

114  3 

148.1 

3344 

1U7SI: 

80.  U' 

04.0! 

114  4 

148  8 
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The  law  of  the  attraction  assumed,  seems,  tfaerefore,  to  be 
the  onlj  assumption  that  will  give  an  equation  in  accord  witfa 
the  facts. 

As  regards  now  the  first  step — the  equality  of  the  energy 
per  se  of  a  molecule  of  a  liquid  and  of  a  molecule  of  its  vapor 
— we  have  already  stated  in  outline  the  facts'  which  led  us 
to  that  belief .  This  first  step  is  the  most  fundamental  and 
important  step  in  our  work  and  is  perhaps  the  most  open  to 
doubt.  The  fact  that  using  this  belief  as  a  basis  we  derived 
an  equation  that  appears  to  be  true,  is,  perhaps,  again  the 
t>est  evidence  that  the  belief,  expresses,  at  least  partly,  the 
truth.  But  only  in  part,  for  in  attempting  to  derive  a  direct 
method  for  testing  this  belief  we  find  that  it  will  require 
some  modification,  An  account  of  this  work  could  not  be 
introduced  within  the  limits  of  this  paper  and  we  hope  shortly 
to  publish  this  investigation  in  a  separate  article.  Recog- 
nizing the  doubt,  we  would  state  that  any  errors  introduced 
by  our  stalemeut  have  undoubtedly  canceled,  since  one  is 
certainly  able  to  calculate  the  energy  given  out  by  the  con- 
traction of  vapor  into  a.  liquid  from  the  same  formula  used  to 
calculate  the  energy  given  out  by  the  contraction  of  the  sun. 

As  regards  now  the  fifth  step— the  conclusion  that  the 
mulecular  attraction  is  mutually  absorbed  or  canceled  by  the 
iittracting  particles— we  have  only  to  say  here  that  the  con- 
clusion is  necessitated  by  the  f<mr  previous  steps  and  the 
further  well  known  facts,  that  the  molecular  sphere  of  action 
is  small,  and  that  the  heat  of  vaporization  of  a  liquid  is  pro- 
portional to  the  mass  of  the  liquid  taken  for  evaporation. 

Thk  Nature  ok  the  Attractivb  Forces. 

We  would  now  return  to  a  consideration  of  the  idea  pro- 
posed on  page  119  of  this  paper,  Ihal  the  a/traclive  forces, 
whatever  their  miture,  whether  chemical,  molecular,  magnetic 
electrical,  or  gravitational,  which  proceed  from  a  particle  are 
definite  in  amount.  If  this  attraction  is  exerted  upon  another 
particle  the  amount  of  the  attraction  remaining  to  be  exited 
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IPec. 


Upon  other  particles  is  diminished  by   an   exactly  equivalent 
amount. 

We  shall  call  attention  to  what  is  actually  known  as  to  the 
action  of  attractive  forces  by  the  following  table. 


Fore* 

HedluiD 
Bth-r 

Bffwtor 
NoHIeot 

MtJartlon 
nMHrollxnlT 

Ixthe 

L*ir  or 
dte- 
twice 

roToe. 

<!b*mloal 

NmtnllMol 

Ym 

atom            mtom 

NDeffwt 

Neutralliod 

■■ 

K.»„  ^   ».j™ 

Btlwr 

, 

T« 

etnniRtli       Stt«DKth 

llMrtrtoal 

Bther 

Y» 

1 

d* 
"  j' 

CliBrge  X   Cbue* 

Oravlta- 
Uoaal 

Bther 

No  effect 

Not 

No 

Km     X     M«« 

The  general  resemblance  between  these  forces  is  so  striking, 
we  think,  as  to  warrant  a  very  serious  consideration  of  any 
idea  which  leads  to  the  belief  that  all  of  the  forces  do  not  fol- 
low the  same  law.  Are  they  not  perhaps  all,  in  fact,  one  and 
the  same  force? 

Considering  the  chemical  force  of  attraction,  the  fact  that 
this  force  does  vary  as  some  function  of  the  distances  apart 
of  the  atoms  concerned  has,  we  think,  been  already  shown  by 
the  work  of  Richards*  and  Traubet-  The  latter  says,  "Wie 
von  mir  zuerst  /estgesielll  wiirde,  isl  der  Raum  eines  Atoms 
keine  Konslante,  sondern  atidcrl  sick  von  Stoff  zu  Stoff  und  ist 
urn  so  kleitter,  je grosser  dieAffinitat  des  betreffenden  Alomes  zu 
den  Alomen  ist,  mil  luelchen  es  in  uumitlelbarer  Verbindungr 
stehl.  Die  Kontrakiion  der  Atome  ist  dahcr  ein  unmiltelbares 
Mass  der  Affinitat."  Concerning  Traube's  claim  to  priority 
in  this  discovery  see  remark  by  RichardsJ.  While  we  prefer 
not  to  accept  the  conclusion  of  these  investigators  that  the 

"Proe.  AiHtr.  Actut,  nf  Art*  ni>d  .Sciri'rfu,  XXXVIl.  1;  XXXVII,  16; 
XXXVIII,  7;  XXXIX,  S8. 

iXeittrhnft/ur  Anorgnnifhe  Ohemir,  40,  380  (1B04). 

tProo.  Amer.  Acad,  of  ArU  and  Ikienea,  XX^IX,  38.  p.  6Si, 
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atoms  themselves  suffer  a  coatracfion  we  cannot  doubt  from 
the  evidence  that  they  have  brougrht  forward  that  the  chemi- 
cal attraction  between  atoms  is  one  of  the  deciding:  factors  as 
to  the  distance  apart  of  these  atoms  when  combined  into  a 
molecule.  That  is  to  say,  the  distance  apart  of  the  atoms  is 
some  function  of  the  chemical  affinity.  The  problem  is  as 
yet  too  complicated  to  permit  of  finding  the  law  of  the  attrac- 
tion, aad  at  present  we  must  limit  ourselves  to  the  statement 
that  the  inverse  square  law  of  the  distance  is  possible  also 
with  this  force.  When  Newton  discovered  the  law  of  gfravi- 
tation  others  at  once  seized  upon  that  law  as  a  possible 
explanation  of  chemical  affinity.  Newton  himself  showed 
that  the  chemical  attraction  decreased  more  rapidly  with  the 
distance  than  was  required  by  the  inverse  square  law.  But 
if  the  chemical  attraction  is  mutually  absorbed  or  canceled 
by  the  attracting:  particles,  then  it  again  becomes  possible 
that  the  force  itself  varies  inversely  as  the  square  of  the  dis- 
tance from  any  particular  atom,  itself  alone  considered. 
Moreover  we  know  that  this  mutual  absorption  of  the  chemi- 
cal attraction  does  take  place. 

We  have  made  the  statement  that  temperature  has  no  effect 
upon  chemical  affinity.  We  have  shown  as  a  reason  for  this 
statement  that  2.016  grams  of  H,  and  16.00  grams  of  O^  at 
the  absolute  zero  possess  at  least  *>7*)84  calories  of  chemic;il 
energy,  while  the  total  energy  necessary  to  raise  the  //,  and 
the  O^  from  the  absolute  zero  to  19''C  is  only  4301  calories. 
Now  of  this  4301  calories  we  can  account  for  all  but  about 
16S  calories  as  necessitated  by  the  changes  in  £",  ,  Ea  and 
Ec .  The  details  of  this  calculation  will  be  given  in  the  sub- 
sequent paper  referred  to  above.  At  present  we  give  the 
result  only,  as  indicating  the  minute  influence  that  tempera- 
ture has  upon  chemical  affinity.  It  is  possible  that  Ei  is 
really  the  differential  of  the  chemical  energy.  But  even  if 
this  t>e  true,  it  may  more  reasonably  be  referred  to  a  slight 
alteration  in  the  distance  apart  of  the  atoms  composing  the 
molecule,  than  to  a  real  alteration  of  the  chemical  affinity. 
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In  what  form  can  the  enormous  amount  of  energy  possessed 
by  the  hydrogen  and  oxygen  at  the  absolute  zero  exist? 
Clausius  has  shown*  that  no  system  of  particles  could  exist 
in  stable  equilibrium  if  all  of  the  energ-y  possessed  by  those 
particles  was  present  as  kinetic  energy.  Nor  could  all  of  the 
energy  exist  as  potential  energy.  The  energy  must  be  partly 
kinetic  and  party  potential  Now  it  can  be  shown  that  when 
two  particles  exist  under  a  mutual  attraction  varying 
inversely  as  the  square  of  the  distance  apart  of  the  particles, 
that  the  system  composed  of  these  two  particles,  assumes  the 
most  stable  equilibrium  when  one  half  of  the  total  energy  is 
kinetic  and  one  half  is  potential.  We  cannot  but  believe  it 
probable,  that  in  a  system  of  particles  a  similar  distribution 
of  energy  would  take  place.  The  enormous  amount  of  chem- 
ical energy  that  is  existent  at  the  absolute  zero  of  temperature 
roust,  it  seems  to  us,  be  present,  one  half  as  potential  and  one 
half  as  kinetic  energy.  That  is  to  say,  the  hydrogen 
atoms  and  oxygen  atoms  at  the  absolute  zero  would  revolve 
in  pairs  around  a  common  center  of  gravity  with  enormous 
velocity,  held  in  their  orbits  by  the  chemical  attraction. 
This  conception  seems  to  us  quite  sufficient  to  explain  the 
repulsive  tendency  reforred  to  by  Richards  in  bis  fourth  paper 
atmve  ciled.  We  shall  deal  with  this  subject  more  fully 
later.  We  would  only  remark  that  the  atK>ve  conception  of 
the  mechanism  of  chemical  affinity  introduces  no  new 
assumption,  save  that  the  attraction  obeys  the  inverse  square 
law.  This  being  true  the  other  results  follow  if  the  princi- 
ples underlying  mechanics  be  true. 

Our  statement  concerning  the  magnetic  and  electrical 
forces,  not  being  the  subject  of  dispute,  may  be  passed  over 
without  comment. 

As  regards  the  gravitational  force  we  meet  the  first 
and  only  exceptions  to  a  complete  similarity  t>etween  the 
forces.  The  gravitational  attraction  is  supposed  not  to  be 
absorbed  or  neutralized  by  the  attracting  particles. 

•See  U^er— Kinetlo  Th«orT  of  QoMeM,  p  &M. 
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The  questions  involving-  the  nature  and  laws  of  the  attrac- 
tive forces  cannot,  we  are  well  aware,  be  settled  by  any 
appeal  to  our  minds  as  to  the  relative  difficulty  or  ease  of  the 
conception,  But  on  the  other  hand  such  an  appeal  is  itoi 
wilhoul  value.  If  in  the  last  analysis  the  testimony  of  con- 
sciousness cannot  be  trusted  we  bad  just  as  well  g-ive  up  the 
search  for  truth.  We  cannot  hoiie  to  attuin  to  any  absolute 
knowledge  or  full  conception  of  any  of  the  more  elcnieotarr 
ideas  such  as  time,  space,  matter,  or  motion.  But  we  may 
attain  to  a  partial  knowledge  of  these  ideas,  and  this  partial 
knowledge,  we  trust,  may  represent  the  reality  truly,  so  far 
as  it  represents  it  at  all.  And  in  attempting  to  attain  this 
partial  knowlege,  if  one  goes  directly  contrary  to  the  testi- 
nony  of  one's  mind  as  to  the  possibility  or  impossibility  of  a 
conception  one  should  not  forget  that  the  process  of  denying 
the  truth  of  the  testimony  of  conciousness  once  begun,  can 
be  as  legitimately  extended  to  an  absolute  agnosticism, 
must  be  so  extended,  if  one  is  consistent.  One  can  refuse  to 
examine  the  foundations  tor  a  house  but  one  cannot  un<1er- 
tnine  the  foundations  and  yet  continue  to  build  the  house. 
We  do  not  believe  therefore,  that  the  difficulties  in  the  con- 
ception of  the  action  of  gravitational  forces  can  longer  be 
be  passed  over  as  constituting  no  objection  to  the  present 
statement  of  the  law.  Since  Newton  in  1682  deduced  the  law,  all 
of  the  attempts — and  they  have  been  numerous — to  formulate 
a  sufficient  cause  for  the  law,  have  completely  failed.  The 
attempts  have  ended  not  only  in  failure  to  formulate  a  cause 
for  the  law.  but  in  emphasizing,  most  distinctly,  the  difficulty 
of  forming  such  conceiitions  at  all. 

May  not  the  real  cause  of  the  trouble  lie  in  the  fact  that 
scientists  have  b-'cn  trying  to  explain  how  a  force  can  be 
infinitely  multiplied  and  absolutely  unaffected  by  intervenin^j; 
matter,  when  force  with  such  properties  has  really  00  e.xis- 
tence?Thc  line  of  apsides  of  mercury's  orbit  has  a  slight  motion 
unaccounted  for  by  the  law  of  gravitation.  Dr.  Asaph  Hall 
pointed  out  that  the  observations  could  be  statisfied  by  chang- 
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ingf  the  law  of  gravitation  by  very  slightly  increasing  the  ex-  ' 
ponent  of  the  distance  factor.  May  not  this  slight  divergency, 
c:iplained  as  an  increase  in  the  exponent  of  the  denominator, 
be  explained  rather  by  a  decrease  in  the  numerator,  due  to 
a  neutralization  of  the  attraction  by  the  attracted  particles. 
The  planets  are  but  dots  in  space,  and  the  distortion  of  the 
field  of  force  by  the  attraction  which  they  would  neutralize 
would  be  extremely  small. 

It  will  be  further  urged  that  we  have  no  evidence  of  any 
shielding  action  in  the  case  of  gravitational  forces  and  that, 
besides,  gravitation  is  proportional  to  mass  and  not  to  sur-' 
face  in  any  way.  In  reply  we  would  point  out  that  we  are 
dealing  with  a  very  fundamental  queston,  and  that  we  have, 
as  yet,  nu  explanation  of  mass.  Mass  is  best  represented 
ftcrbaps  by  the  term  "inertia",  but  the  question  is  what  is 
"inertia"?  Why  has  a  molecule  of  lead  more  inertia  than  a 
molecule  of  aluminum?  We  have  not,  so  far  as  the  author 
knows,  one  iota  of  evidence,  save  in  the  sugg'ustiveness  of  the 
periodic  table  of  the  chemical  elements,  that  there  is 
really  more  of  the  "ultimate  material"  in  the  molecule  of  lead 
than  in  the  molecule  of  aluminum.  For  anything  we  i^noic  to 
the  contrary,  mass  might  be  created  at  the  same  time  as  the 
attraction,  a  sort  of  action  and  reaction  due  to  the  same 
cause.     And  why  this  suggestion? 

Because  if  one  attempts  to  consider  what  changes  must  be 
made  in  the  numerator  factor  of  the  forces  in  order  to  derive 
a  common  expression  for  all  of  the  attractive  forces,  one 
starts  with  the  broad  idea  that  the  force  is  measured  by  the 
effect  which  it  proiluccs.  In  producing  this  effect  an  opposite 
and  equal  effect  must  be  produced  on  the  force  itself.  This 
is  according  to  Newton's  third  law  of  motion.  Any  other 
supposition  would  mean  that  the  forces  could  be  increased 
indefinitely.  Force  is  transference  of  energy.  We  have  no 
law  as  to  the  conservation  of  force  but  we  have  a  law  as  to 
the  conservation  of  energy.  The  amount  of  energy  in  the 
universe  is  constant.     In  a  given  time  a  constant  amount  of 
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energy  could  not  produce  an  infinite  amount  of  force.  But 
this  production  of  an  infinite,  inexhaustible  force  is  exactly 
what  the  law  of  (gravitation  necessitates,  if  it  expresses  the 
entire  truth.  Wo  rejuiat  that  one  camiot  believe  that  one  par- 
ticle of  matter  in  Ike  ttuiverse  can  attract  every  other  particle  o/ 
matter  in  t/ie  rtiinrrse  ami  ihcif  suffer  no  diminuatton  in  its 
pou-er  to  attract  yet  other  partichs  of  matter  anil  hold  aha  that 
the  law  -if  the  conscnation  of  energy  is  true.  For  these  two 
beliefs  necessitate  thai  a  constant  energ  y,  in  a  giveu  time  should 
be  able  to  produce  an  infinite  force,  and  this  is  impossible.  We 
reach  therefore  the  conclusiou  that  the  attractive  force  given 
out  hy  a  particle  in  a  [^iven  time  is  definite  in  amount.  If 
therefore  a  portion  of  this  attraction  is  expended  upon  one 
particle  there  remains  exactly  an  ctiuivalent  amount  less  to 
be  os[>ended  on  the  remaining  particles.  Consequently  the 
attraction  can  be  measured  by  the  amount  of  the  neutralized 
force.  This  deduction  we  claim  to  be  founded  on  the  first 
law  of  thermodynamics,  the  conservation  of  energy.  Now 
the  amount  of  attractive  force  which  can  be'  neutralized  will 
vary  inversely  as  the  square  of  the  distance  apart  of  the  par- 
ticles, because  the  surface  front  of  the  attractive  wave  of 
force  increases  as  the  square  of  the  distance  apart  of  the 
particles  and  its  intensity  must  correspondingly  diminish, 
since  the  force  cannot  be  indefinitely  multiplied.  We  can 
therefore  write,  attractive  forces  are  measured  by, 

amount  of  attraction  neu-  I     y    i   amount  of  attraction  neu- 
tralized at  unit  distance   \  \        tralized  at  unit  distance 


Examining  the  numerator  of  the  above  fraction,  there 
appears  nothing  improbable  as  regards  its  application  as  a 
general  expression  to  take  the  place  of  the  first  four  forces 
given  in  the  table,— chemical,  molecular,  magnetic,  and  elec- 
trical. As  regards  gravitational  force  it  makes  mass  propor- 
tional to  the  amount  of  attraction  absorbed  at  unit  distance. 
Is  this  idea  tiecessarily  wrong? 

We  doubt  if  the  idea  is  necessarily  opposed  to  established 


idbyGoOglC. 


132  Journal  of  the  Mitchell  Sociktv,  [/)*e. 

astronomical  data.  Wc  might  suggest  that  one  reason  why 
no  shielding  action  had  liein  detected  among  the  heavenly 
bodies  was  because  the  mass  really  did  vary  with  the  amount 
of  the  shii-liling  and  exactly  canceled  the  effect  produced. 
Whether  the  idea  is  sut>|><>rted  by  molecular  phenomena  is 
more  a  subject  of  doubt.  It  miglil  possibly  explain  the 
increased  specific  heat  of  a  solid  and  liquid  as  compared  with 
the  corresponding  vapor.  We  will  return  to  this  point 
in  a.  later  paper. 

Chemical,  magnetic,  and  electrical  forces  show  decided  evi- 
dence of  directive  action.  We  distinguish,  moreover,  posi- 
tive and  negative  electricity,  jmsitive  and  negative  poles  of  a 
magnet,  and  i>ositive  and  negative  elements,  as  indicating 
some  difference  tn  the  kind  of  attraclive  force  which  they 
exert.  As  eviilence  of  variation  in  the  intensity  of  the  mol- 
ecular forces  with  their  spatial  relation  around  the  molecule, 
might  be  cited  the  phenomena  of  crystalline  form,  of  water 
of  crystallization  and  molecular  combinations  in  general,  and 
also  those  cases  where  a  liquid  appears  to  show  a  definite 
and  symmetrical  structure.  The  evidence  is  not  convincing, 
nor  is  there  evidence  indicating  iNjsitive  and  negative  molec- 
ular attraction.  With  -jravitational  forces  similarly,  there 
is  no  evidence  showing  directive,  or  (lositive  and  negative 
tendencies,  unless  the  earth's  magnetic  field  should  be  such 
an  evidence. 

The  exceedingly  close  relationship  between  the  electrical 
and  chemical  forces  have  often  suggested  their  ideniity.  The 
close  relationship  between  electrical  and  magnetic  forces  is 
also  recognized.  There  is  also  some  evidence  that  molecular 
attraction  is  closely  connected  with  electrical  phenomena. 
Thus  it  has  been  pointed  out  by  Abegg  that  liquids  which 
cause  dissociation  are  themselves  most  associated.  We  would 
note  further  a  correspondence  between  the  amount  of  disso- 
ciation produced  by  a  liquid  on  a  dissolved  substance  and  the 
size  of  the  molecular  attraction  ^',  as  obtained  by  us.  Per- 
haps it  is  also  not  without  significance  that  the  metals  arc 
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the  best  conductors  of  electricity,  are  monatomic,  and  have 
a  very  great  cohesina. 

The  amount  of  the  molecular  attraction,  and  the  greater 
or  less  interpenetration  of  Ihi?  molecular  attraction  among 
other  molecules  Ijei'ore  it  is  neulralized,  may,  it  seems  to  us, 
be  the  determining  factor  in  the  elasticity,  ductility,  mallea- 
bility, brittieness,  and  hardness  of  substances  in  general,  and 
of  metals  more  particularly. 

Our  knowledge  at  present,  is  hardly  sufficient  to  warrant 
speculation  regarfling  the  ultimate  cause  and  nature  of  the 
attractive  forces.  They  may  be  one  and  the  same  force,— 
the  molecular  attraction  being  the  unneutralized  portion  of 
the  chemical  attraction,  magnetic  attraction  beiag  a  mani- 
festation of  the  latter,  and  electricity  closely  connected  with 
the  former.  Gravitation  would  be  the  unneutralized  portion 
of  the  molecular  attraction.  Wc  consider  it  possible  that  the 
attractive  forces  are  one  and  the  same  force  manifested 
under  different  conditions..  We  consider  it  likely  that  all  of 
the  forces  are  produced  by  some  interaction  between  matter 
and  ether.  We  consider  it  highly  probable  that  the  forces 
ol)ey  the  same  law  whether  their  ultimate  cause  and  identity 
be  the  same  or  not.  We  hope  to  develop  the  subject  further 
in  later  papers. 

Summary.  1.  The  evidence  that  the  molecular  attrac- 
tion varies  inversely  as  the  squiire  of  the  distance  apart  of 
the  molecules,  and  does  nut  vary  with  the  temperature,  is 
reviewed  and  strengthened. 

2.  It  is  pointed  out  that  the  molecular  attraction  must  be 
neutralized  by  the  attracting  molecules. 

3.  It  is  shown  that  the  equation  deduced  by  Helmholtz  in 
1854,  to  represent  the  energy  given  out  by  the  contraction  of 
the  sun  will,  by  changing  the  constant,  represent  accurately 
the  energy  given  out  by  isopentano  and  other  substances  in 
changing  from  a  saturated  vapor  to  a  liquid. 

4.  It  is  shown  that  a  large  amount  of  chemical  energy  is 
possessed  by  hydrogen  and  oxygen  at  the  absolute  zero,  and 
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that  this  energy  is  probably   existent  half   as  potential,  half 
as  kinetic,  energy. 

5.  It  is  shown  that  cheinic;il  attraction  is  probably  unaf- 
fcctt-d  by  temperature. 

6.  The  idea  is  introtluced  that  the  attractive  forces,  what- 
ever their  nature,  whether  chemical,  molecular,  magnetic, 
electrical,  or  gravitational,  which  proceed  from  aparticle,  are 
definite  in  amount.  If  this  attraction  isexertcd  upon  another 
particle  the  amount  of  (he  attraction  remaining  to  be  exerted 
upon  other  particles  is  diminished  liy  an  exactly  equivalent 
amount. 

7.  The  laws  governing  attractive  forces  are  compared  and 
it  is  suggested  that  all  of  the  forces  roally  obey  the  same 
law,  viz.— the  attractive  forces  are  measured  bv  the  amount 
of  the  attraction  neutralized,  which  is 

amount  of  attlraclion  neU'   (    y    j  omottnl  of  attraction  neu- 
tralized  at  unit  distance   t  (      tralmea  at  unit  distance 

8.  The  idea  that  the  gravitational  attraction  of  a  particle 
could  remain  undiminished  regardless  of  the  amount  of  the 
attraction  exerted  upon  other  particles  is  shdwn  lo  be  con- 
trary to  the  law  of  the  conservation  of  energy. 

Chemical  Laboratory,  University  of  North  Carolina, 
December  lo,  igo6. 
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The  study  of  the  historical  development  of  mathematics, 
and  in  particular  the  study  of  gfeometry,  leads  one  to  the  con- 
clusion that  the  great  roles  in  the  drama  of  science  have  been 
played  by  two  inter-related,  yet  widely  dififeringf,  forces — 
intuition  and  logic.  Huxley  once  laughingly  said  of  Herbert 
Spencer  that  his  idea  of  tragedy  was  a  deduction  killed  by  a 
fact.  Some  of  the  greatest  parts  in  the  drama  of  science 
have  been  played  by  intuition;  but  that  drama  becomes  a 
tragedy  when  intuitional  prevision  is  annihilated  by  the  inex- 
orable irony  of  fact.  The  most  epoch-making  discoveries  Snd 
their  origin  in  the  fortunate  conjunction  of  intuition  and 
experience.  And  the  whole  history  of  science  is  the  history 
of  the  struggle  of  man's  intuition,  fortified  by  experience,  to 
read  the  inscrutable  riddle  of  Nature. 

I  venture  to  assert  that  nowhere  is  this  struggle  more  suc- 
cinctly and  definitively  illustrated  than  in  the  story  of  man's 
effort  to  formulate  the  hypotheses  which  constitute  the  foun- 
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dations  of  geometr;.  For  precise  reasons,  the  names  of 
Euclid  and  Newton  stand  above  all  other  names  in  the  fash 
of  mathematics;  and  the  reasons  are  strikingly  similar  in  the 
two  cases.  In  writing-  of  The-  Wonderful  Century,  the  nine- 
teenth, Alfred  Russel  Wallace  sajs  of  all  time  before  the 
seventeenth  century:  "Then,  going  backward,  we  can  find 
nothing  o'f  the  first  rank  except  Euclid's  wonderful  system  of 
geometry,  perhaps  the  most  remarkable  mental  product  of 
the  earliest  civilizations."  In  modern  times,  Newton's  colos- 
sal figure  occupies  the  centre  of  the  stage,  looming  large,  as 
he  himself  explained,  because  he  stood  upon  the  shoulders  of 
giants.  Like  Euclid,  his  claim  to  pre-eminence  rests  less 
upon  the  discovery  of  new  principles  than  upon  the  immeas- 
urably greater  service  of  the  universal  formulation  and 
grounding  of  mathematics.  Newton  brought  all  natural  phe- 
nomena under  the  reign  of  universal  law,  Euclid  reduced 
all  geometrical  knowledge  to  system. 

"It  is  certain,"  says  Philip  Kelland,  "that  from  its  com- 
pleteness, uniformity  and  fault lessness,  from  its  arrangement 
and  progressive  character,  and  from  the  universal  adoption  of 
the  completest  and  bestline  of  argument,  Euclid's  Elements 
stand  pre-eminently  at  the  head  of  all  human  productions.  In 
no  science,  in  no  department  of  knowledge,  has  anything  ap- 
peared like  this  work:  for  upwards  of  2,000  years  it  has  com- 
manded the  admiration  of  mankind,  and  that  period  has  sug- 
gested little  toward  its  improvement."  Indeed  it  is  no  cranky 
enthusiasm,  but  absolute  conviction  that  prompts  the  mathe- 
matician to  say  that  geometry  is  ultimately  fundamental  for 
the  progress  of  science  and  thea  dvaocement  of  humanity.  It 
is  continually  bringing  to  pass  those  epoch-making  events  in 
the  history  of  science  whereby  what  one  day  seems  to  l«  the 
purest  science  becomes  the  next  a  vitally  important  piece  of 
applied  science.  Such  events  enable  us  to  realize  that  pure 
science  and  utilitarian  science  are  not  differentiable,  butat 
bottom  and  in  essence  one  and  the  same  thing.  "I  often  find 
the  conviction  forced  upon  me,"  said  the  brilliant  English 
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geometer  H.  J.  S.  Smith,  "that  the  increase  of  mathematical 
knowledge  13  a  necessary  condition  for  the  advancement  of 
science,  and,  if  so,  a  no  less  necessary  condition  for  the 
improvement  of  mankind.  I  could  not  augur  well  for  the 
enduring  intellectual  strength  of  any  nation  of  men,  whose 
education  was  not  based  on  a  solid  foundation  of  mathemat- 
ical learning,  and  whose  scientific  conceptions,  or,  in  other 
words,  whose  notions  of  the  world  and  of  the  things  in  it, 
were  not  bound  and  girt  together  with  a  strong  framework  of 
mathematical  reasoning." 

In  that  charming  book,  cast  in  the  dialogue  form  and  enti- 
tled Euclid  and  his  Modem  Rivals,  by  the  Rev.  Charles  L. 
Dodgson,  the  brilliant  "Lewis  Carroll"  of  Alice  in  Wonderland 
fame,  Euclid  confesses  with  reluctance  that  some  secret  flaw 
lies  at  the  root  of  the  subject  of  parallel  lines.  Probabilities, 
not  certainties,  are  all  that  he  has  in  vindication  of  bis  belief. 
Here  we  lay  our  fingers  on  the  rift  in  the  lute;  in  this  con- 
fession, we  catch  a  glimpse  of  that  ignis  fatuus  that  mathe- 
maticians have  pursued  in  vain  for  well-nigh  two  thousand 
years.  Professor  G.  B.  Halsted  cites  Sohncke*  as  saying  that 
in  mathematics  ther^  is  nothing  over  wbtcb  so  much  has  been 
spoken,  written,  and  striven,  as  over  the  theory  of  parallels, 
and  all,  so  far  (up  to  his  time),  without  reaching  a  definite 
result  and  decision:  It  is  impossible,  says  the  gfreat  Poincare, 
to  imagine  the  vast  effort  wasted  in  this  chimeric  hope,  this 
evanescent  dream.  Indeed,  it  was  not  until  the  nineteenth 
century  that  the  truth  began  to  dawn  upon  the  minds  of 
men;  and  almost  simultaneously  from  the  distant  frontiers  of 
Europe,  at  Kazan  on  the  Volga  and  at  Maros-Vasarhely  in  far 
Erdely,  there  came  the  startling  generalizations  that  have  ten- 
ded to  revolutionize  our  conceptions  of  geometry,  and  thrown 
doubts  upon  the  very  nature  of  the  space  in  which  we  live.f 

"Encyclopadie  der  Wiiaenchaften  und  Kittute;  Yon  Encb  nnd  Ornber, 
I^ipmg,  1SS8,  onder  "Parallel." 

tOompare  The  Value  0/  tfon-Euclidian  Qeoiwtry,  by  Q.  B.  HalBted; 
Pop.  act.  UoQtblj,  vol.  «7,  pp.  689-646.    At  the  outset,  I  wish  to  aoknow 
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In  order  to  make  the  matter  clear  to  "the  man  in  the 
street,"  tt  is  necessary  to  speak,  not  so  much  as  a  mathema- 
tician as  one  who  knows,  let  us  say,  no  more  of  mathematics 
than  is  taught  in  the  Freshman  year  in  the  college  or  university. 
We  recall  that  Euclid  uses  three  terms  in  layingf  the  foundations 
for  his  (geometry:  Definiti'tni  ('o^w).  Postulates  (atTi^/ioTa), 
and  Common  Notions  (kouw  nvoHu).  He  defined  his  elements: 
point,  line,  etc.;  he  assumed  that  you  can  draw  a  straight 
line  from  one  point  to  another;  and  he  laid  down  as  accepted 
such  statements  as  "Things  equal  to  the  same  thing  are 
equal  to  each  other,"  etc.  For  Euclid's  Common  Notions 
later  geometers  substituted  the  unfortunate  terra — unfortun- 
ate, as  we  shall  subsequently  see — Axioms.  This  word  Axiom 
(Greek,  ofiw^ia)  is  used  by  Aristotle  to  mean  "a  truth  so 
obvious  as  to  be  in  no  need  of  proof" — virtually  in  the  modem 
sense  of  a  "self-evident  truth."  Euclid  used  only  five  Postu- 
lates and  thirteen  Common  Notions,  none  of  which  chal- 
lenged doubt  save  the  celebrated  "parallel-postulate."  Indeed, 
all  were  very  simple  except  this  iifth  postulate,*  which  excited 
suspicion,  not  only  on  account  of  its  cumbrous  form,  but  be- 
cause it  is  used  only  once — to  prove  the  inverse  of  a  proposition 
already  demonstrated — the  seventeenth.  "It  requires,"  says 
Staeckel,  "a  certain  amount  of  courage  to  declare  such  a 
requirement,  alongside  the  other  simple  axioms  and  postu- 
lates." The  Swiss  mathematician,  J.  H.  Lambert, f  averred 
that  Proklos,  Euclid's  first  commentator  (410-485  A.  D.) 
argued  that  the  parallel-postulate  was  demonstrable,  because 
it  was  the  inverse  of  the  seventeenth  proposition. 
Euclid's    twenty-seventh    proposition:    that    straight    Hues 

ledge  mf  general  indebtedness  to  the  writings  of  Professor  Halsted,  to 
whioh  I  oooaaianally  refer. 

•Also  given  in  varioas  editions  tit  Eoolid  as  a  Common  Notion — elev- 
enth, twelfth,  or  thlTteentb. 

tLambert'B  Theory  of  the  FaTalkl  Live*  was  not  publisbed  nntil  ITSa 
twenty  fears  after  it  was  written  and  nine  years  after  bia  death,  t>y  Bern- 
onilli  and  Bindeuberg  in  the  Magmin  fur  die  rrine  and  angrwandte  Mathf- 
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making  witb  a  transversal  equal  alternate  angles  are 
parallel,  is  easily  demonstrated.  But  in  order  to  prove  its 
inverse:  that  parallels  cut  hj  a  transversal  make  equal 
alternate  angles,  lie  is  forced  to  resort  to  tbe  following  pos- 
tulate axiomatically  stated  (Williamson's  translation,  Ox- 
ford, 1781): 

11.  And  if  a  straight  line  meeting  two  straight  lines  makes 
those  angles  which  are  inward  and  upon  the  same  side  of 
it  less  than  two  right  angles,  the  two  straight  lines  being 
produced  indefinitely  will  meet  each  other  on  that  side 
upon  which  the  angles  are  less  than  two  right  angles  {fig. 
I,  Angle  A  +  Angle  B  less  than  180°). 


FIG  I. 

The  points  to  be  observed  in  connection  with  this  postulate  are 
two  in  number.  First,  "no  one  had  a  doubt  of  the  external 
reality  and  exact  applicability  of  the  postulate.  The  Euclid- 
ian geometry  was  supposed  to  be  the  only  possible  form  of 
space-science,  that  is,  the  space  analyzed  in  Euclid's  axioms 
and  postulates  was  supposed  to  be  the  only  non-contradictory 
sort  of  space,"  Second,  the  postulate  was  neither  so  axiom- 
atic nor  so  simple  as  the  proposition  it  was  used  to  prove; 
and  hence  tbe  world  of  mathematicians  concluded,  with 
Proklos,  that  this  postulate  could  be  deduced  as  a  theorem 
from  the  other  assumptions  and  tbe  twenty-eight  preceding 
theorems.     And  so,  for  hundreds  and  hundreds  of  years,  the 
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mathematical  world  exhausted  itself  in  the  effort  to  prove 
Euclid's  celebrated  parallel-postulate,  ftolemy,  the  gjeat 
astronomer,  wrote  a  treatise  purporting  to  prove  it;  and 
Nasir  E^din  (1201-1274),  whose  work  on  Euclid  in  Arabic 
was  printed  at  Rome  in  1594,  sought  to  dispense  with  the 
problem  of  parallelism,  by  taking'  his  stand  upon  another  pos- 
tulate: that  two  straight  lines  which  cut  a  third  straight 
line,  the  one  at  right  angles,  the  other  at  some  other  angle, 
will  converge  on  the  side  where  the  angle  is  acute,  and  diverge 
where  it  is  obtuse.  Other  mathematicians,  notably  John 
Wallis  whom  I  claim  as  an  ancestor,  sought  to  turn  the  flank 
of  the  difficulty  by  identifying  the  problem  of  parallels  with 
the  problem  of  similitude.  In  general,  we  may  say  that  the 
problem  was  attacked  from  three  sides. 

First,  there  were  those  who  sought  to  substitute  a  new 

definition  of  parallels  for  Euclid's,  which  reads  (I,  Def.  35): 

"Parallel  straight  lines  are  such  as  are  in  the  same  plane^ 

and  w  hick  being  produced  ever  so  far  both  ways  do  not 

meet." 

To  cite  a  few  classic  definitions.  Wolf,  Boscovich,  and  T. 
Simpson  use  the  following:  "Straight  lines  are  parallel 
which  preserve  the  same  distance  from  each  other."  But 
this  is  begging  the  question,  asHalsted  has  remarked,  since  it 
assumes  ^definition,  via.:  "Two  straight  lines  are  parallel 
when  there  are  two  points  of  the  one  on  the  same  side  of  the 
othSr  from  which  the  perpendiculars  to  it  are  equal;"  and  at 
the  same  time  assumes  a  theorem:  "All  perpendiculars  trom 
one  of  these  lines  to  the  other  are  equal."  Those  geometers 
who  assume  that  parallel  lines  have  the  same  direction  arc 
guilty  of  a  petitio  principii,  in  assuming  (Varignon  and 
Bczout)  the  definition  that  "parallel  lines  arc  those  that  make 
equal  angles  with  a  third  line,"  and  also  in  assuming  the 
theorem  that  "Straight  lines  that  make  equal  angles  with 
one  transversal  make  equal  angles  with  all  transversals." 

The  second  method  of  attack,  far  more  logical,  was  to  pro- 
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pose  a  substitute  for  the  parallel-postulate,  such  as  "Two 
straight  lines  which  intersect  cannot  botk  be  parallel  to  the 
same  straight  line"  (Ludlam),  and  "Any  three  points  are  col- 
linear  or  concyclic"  (Bolyai).  And  the  celebrated  Hilbert,  in 
hxsVorlesung  ueber  Enklidische  Geometric,  (wintersemester, 
1898-9)  cites  the  following  theorems: 

1.  The  sum  of  the  angles  of  a  triangle  is  always  equal  to 

two  right  angles. 

2.  .  If  two  parallels  are  cut  by  a  third  straight  line,  then 

the  opposite  (corresponding)  angles  are  equal. 

3.  Two  straight  lines,  which  are  parallel  to.  a  third,  are 

parallel  to  each  other. 

4.  Through    every   point  within  an   angle  less   than     a 

straight  angle,  one  can  always  draw  straight  lines 
■    which  cut  both  sides  (not  perhaps  their  prolonga- 
tions). 

5.  All  points  of  a  straight  line  have  from  a  parallel  the 

same  distance. 

His  comment  is,  -'Finally  we  remark,  that  it  seems  as  if 
each  of  these  five  theorems  could  serve  precisely  as  the  equiv- 
alent of  the  Parallel  Axiom." 

The  third  class  of  investigators  consisted  of  those  geom- 
eters who  foundered  upon  the  rock  of  the  attempt  to  deduce 
Euclid's  parallel-postulate  from  reasonings  about  the  nature 
of  the  straight  line  and  the  plane  angle,  helped  out  by 
Euclid's  other  assumptions  and  his  first  twenty-eight  theo- 
rems. Euclid  look  pains  to  prove  things  which  were  more 
axiomatic  by  far — for  instance,  that  the  sum  of  two  sides  of 
a  triangle  is  greater  than  the  third  side — a  thing  which  any 
ass  knows.  To  give  one  illustration  of  the  many  so-called 
proofs,  take  the  most  plausible  one,  exposed  by  Charles  L. 
Dodgson,  in  his  Curtosa  Mathematica,  Part  I.  pp.  70-71,  3rd 
edition.  1890: 

"Yet  another  process  has  been  invented — quite  fascinating 
in  its  brevity  and  its  elegance — which,  though  involving  the 
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same   fallacy  as  the  Direction-Theory,   proves  Euc.  I, 
without  even  mentioning  the  dangerous  word  'Direction'. 


-^A> 


"We  jre  told  to  take  any  triangle  ABC;  to  produce  CA  to 
D;  to  make  part  of  CD,  viz.,  AD,  revolve,  about  A,  into  the 
position  ABE;  then  to  make  part  of  this  line,  viz.,  BE,  revolve, 
about  B,  into  the  position  BCF;  and  lastly  to  make  part  of 
this  line,  viz.,  CF,  revolve,  about  C,  till  it  lies  along  CD,  of 
which  it  originally  formed  a  part.  We  are  then  assured  that 
it  must  have  revolved  through  four  right  angles:  from  which 
it  easily  follows  that  the  interior  angles  of  the  triangle  arc 
together  equal  to  two  right  angles. 

"The  disproof  of  this  fallacy  is  almost  as  brief  and  elegant 
as  the  fallacy  itself.  We  first  quote  the  general  principle 
that  wc  can  not  reasonably  be  told  to  make  a  line  fulfil  two 
conditions,  either  of  which  is  enough  by  itself  to  fix  its  pos- 
ition: e.  g.,  given  three  points  X,  Y,  Z,  we  can  not  reason- 
ably be  told  to  draw  a  line  from  X  which  shall  pass  through 
Y  and  Z;  we  can  make  it  pass  through  Y,  but  it  must  then 
take  its  chance  of  passing  through  Z;  and  vice  versa. 
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"Now  let  us  suppose  that,  while  one  part  of  AE,  viz.,  BE. 
revolves  into  the  position  BF,  another  little  bit  of  it.  viz., 
AG,  revolves,  through  an  equal  angle,  into  the  position  AH; 
and  that,  while  CF  revolves  into  the  position  of  lying  along 
CD,  AH  revolves — and  here  comes  the  fallacy. 

"You  must  not  say  'revolves  through  an  equal  angle,  into 
the  position  of  lying  along  AD,'  for  this  would  be  to  make  AH 
fulfil  two  conditions  at  once. 

"If  you  say  that  the  one  condition  involves  the  other,  you 
are  virtually  asserting  that  the  lines  CF,  AH  are  equally 
inclined  to  CD — and  this  in  consequence  of  AH  having  been 
so  drawn  that  these  same  lines  are  equally  inclined  to  AE. 

"That  is,  you  are  asserting,  'A  pair  of  lines  which  are 
equally  inclined  to  a  certain  transversal,  are  so  to  any  trans- 
versal.'    peducible  from  Euc.  I,  27,  28,  29]." 

Thousands  of  mathematicians  have  tried  in  vain  to  prove 
something  that  only  a  genius  could  see  was  indemonstrable. 
The  history  of  the  evolution  and  exfoliation  of  that  fertile 
idea  is  of  very  great  interest  to  the  mathematician  of  today, 
especially  in  view  of  the  fact  that  beyond  contradiction  the 
most  original  researches  of  the  last  quarter  of  the  nineteenth 
century  pertain  to  the  non-Euclidian  geometry. 

The  most  notable  attempt  to  demonstrate  Euclid's  parallel- 
postulate  that  has  been  preserved  to  the  world  is  embodied  in 
a  book  entitled  Euclid  Vindicated  from  every  Blemish,  by 
a  Jesuit  priest  named  Hieronymus  Sacchert  (1667-1773).* 
He  was  in  close  association  with  the  great  Italian  geometer 
Giovanni  Ceva  (through  his  brother  Tomraaso),  whose  name 
a  celebrated  theorem  bears;  and  by  purely  geometrical  meth- 
-  ods  in  Euclidian  style,  he  sought  to  apply  the  reducHo  ad 
absurdum  method  to  the  problem  of  the  parallel-postulate. 
His  method  is  essentially  as  follows:  At  the  end-points  of  a 
sect  AB  erect  two  equal  perpendiculars  AC  and  BD  on  the 

*EucV>dn  ab  nmni  naevovindicalut;  live  conatui  geomelricat  quo  ttabili- 
unlitr  priitui  ipna  univeriar  gromelrine  principia.  Anotore  BierODTtno 
Saooberio  Sooietatia  Jem,  Mediolani 
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same  £>ide  of  AB.  Join  C  and  D  by  a  straight  line;  and  it 
easily  follows  that  the  an^'le  ACD  is  equal  to  the  angle  BDC. 
Now  there  are  three  possibilities:  (1)  The  angle  ACD  is 
acute;  (2)  the  angle  ACD  is  obtuse;  (3)  the  angle  ACD  is  a 
right  angle.  He  undertook  to  prove  the  absurdity  of  the  first 
two  possibilities  so  as  to  leave  only  the  third  possibility,  viz., 
that  the  two  angles  ACD  and  BDC  are  each  right  angles. 
He  pursued  the  lines  of  argument,  following  from  the  first 
two  assumptions,  at  some  length — for  his  book  was  more 
than  a  hundred  pages  long;  but  was  doubtless  amased  to  dis- 
cover that  for  quite  a  time  he  was  unable  to  involve  himself 
in  any  logical  contradiction.  In  the  event,  certain  of  his  con- 
clusions were  erroneous,  and  led  him  to  believe  that  he  had 
actually  proved  the  parallel-postulate.  What  he  really  did 
do  was  to  identify  the  assumption  of  the  right  angle  with  the 
parallel-postulate,  thus  showing  the  two  to  be  mutually  inter- 
changeable postulates. 

In  1766,  Johann  Heiurich  Lambert  wrote  his  theory  of  par- 
allel lines,  in  which  he  starts  from  the  notion  of  the  sum  of 
the  angles  of  a  triangle  being  equal  to  180  degrees.  If  the 
sum  is  equal  to  180  degrees,  the  triangle  is  a  figure  in  a 
plane;  if  the  sum  is  greater  than  180  degrees,  the  triangle  is 
on  a  sphere;  if  the  sum  is  less  than  180  degrees,  the  triangle 
is  on  the  surface  of  an  imaginary  sphere  (radius  equal  to  the 
square  root  of  minus  one)— Lobatchevsky—Bolyai  "imaginary 
geometry,"  so  called  because  its  trigonometric  formulas  are 
those  of  the  spherical  triangle  if  its  sides  are  imaginary.  As 
to  the  third  hypothesis,  Lambert  naively  said:  "There  is 
something  attractive  about  this  which  easily  suggests  the 
wish  that  the  third  hypothesis  might  be  true."* 

France  contributed  little  to  the  solution  of  the  problem; 
recognition,  however,  should  he  given  to  Legendre,  who  stud- 

*OoiDFfu«  The  Philogophical  Foundatioru  of  UatkrmcUict,  by  Dr,  P(mU 
OarcB;  The  Honiat,  vol.  18,  pp.  978-904;  870  8»7;  49S-&9a,  to  which  I  am 
indebted.  I  onoe  had  the  pleaBore  of  hearing  Dr.  Oanu  lecture  on  this 
snbjeot  before  the  Uathematioal  Olnb  of  the  University  of  Ohicego. 
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ied  the  problem  all  his  life.  By  the  aid  of  the  principle  of 
continuity,  the  so-called  Theorem  of  Archimedes,  he  did  prove 
two  well  known  theorems: 

1.  In  a  triangle,  the  sum  of  the  three  angles  can  never  be 

greater  than  two  right  angles. 

2.  If  the  sum  of  the  three  angles  is  equal  to  two  right 

angles  in  one  triangle,  it  is  equal  to  two  right 
angles  in  every  triangle. 

But  Euclid's  geometry  can  be  built  up  without  the  contin- 
uity assumption;  and  only  a  short  time  ago,  there  was  proved 
by  Dehn,  something  that  might  have  been  inferred,  viz.,  that 
Legendre's  first  theorem  does  not  hold,  i.  e.  not  without  the 
continuity  assumption.* 

In  addition  to  Legendre,  there  was  one  other  Frenchman, 
Joseph  Lagrange,  France's  greatest  mathematician  in  his 
day,  who  attempted  to  prove  Euclid's  parallel-postulate. 
Toward  the  end  of  his  life,  so  the  story  runs,  Lagrange  com- 
posed a  discourse  on  parallel  lines.  He  began  to  read  it  in 
the  Academy,  but  suddenly  stopped,  and,  in  confusion,  stam- 
mered: "II  faut  que  j'y  souge  encore" — "I'll  have  to  think 
about  it  a  while  longer."  He  stuck  his  manuscript  in  his 
pocket,  sat  down,  and  never  recurred  to  the  subject. 

The  first  distinct  epoch  in  the  history  of  the  non-Euclidian 
geometry  begins  with  the  time  of  the  great  German  mathe- 
matician, Karl  Friedrich  Gauss.  He  is  in  no  sense  entitled  to 
credit  as  a  discoverer  in  this  line,'  although  for  many  years  he 
occupied  himself  with  the  problem.  The  researches  he 
claims  to  have  made  on  the  subject  have  not  come  down  to 
us;  but  he  was  closely  associated,  according  to  abundant  testi- 
mony, with  Schweikart  and  Bolyai,  two  of  the  three  indepen- 
dent discoverers  of  the  non-Euclidian  geometry.  The  publi- 
cation in  1900  of  the  eighth  volume  of  Gauss'  Collected  Works 
shows,  from  a  letter  to  Bolyai,  the  elder,  a  Hungarian  mathe- 

•Oompare  TIte  Foundationt  of  Otamftry,  by  David  Hilbert;  Tnuulfttion 
by  E.  J.  Townmnd,  Open  Oonrt  Pabliahing  Oo.,  Chicago. 
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matician,  that  in  1779  Gauss  was  still  hopelessly  attempting 
to  prove  that  Euclid's  was  the  only  non-seif-contradictory 
system  of  geometry,  and  also  the  system  of  our  space.  Bol- 
yai,  the  elder,  submitted  to  Gauss,  in  1804,  a  pseudo-proof  of 
the  parallel-postulate,  but  Gauss  immediately  detected  the 
fallacy.  When  Bolyai,  the  elder,  submitted  a  second  pseudo- 
proof  to  Gauss,  in  1808,  he  never  replied.  Bolyai's  words, 
accompanying  one  of  these  pseudo- proofs,  are  pathetic  in 
their  earnestness  and  yearning:  "Oft  have  I  thought,  gladly 
would  I,  as  Jacob  for  Rachel,  serve  in  order  to  know  the  par- 
allels founded  even  if  by  another.  Now  just  as  I  thought  it  out 
on  Christmas  night,  while  the  Christians  were  celebrating  the 
birth  of  the  Saviour  in  the  neighboring  church,  I  wrote  it 
down  yesterday,  knd  I  send  it  to  you  enclosed  herewith." 

On  November  23,  1823,  Bolyai  the  son,  called  Janos,  wrote 
a  letter  to  his  father,  professor  of  mathematics  at  Maros- 
Vasarhely,  in  which  he  announces  his  discovery  of  the  non- 
Euclidian  geometry — a  letter  full  of  youthful  fire  and  enthus- 
iasm, from  which  I  quote: 

"I  intend  to  write,  as  booh  as  1  have  pat  it  into  order,  and  when 
poBsible  to  pabliBh,  a  work  on  parallels.  At  this  momont  it  is  not 
jet  flniflhed.bat  the  way  which  I  have  hit  upon  promiieB  me  with 
oertainty  the  attaiument  of  the  goal,  if  it  In  general  is  attainabla. 
It  la  not  yet  attained,  bnti  have  discavered  Boch  magnifloent  things 
that  I  myself  am  astonnded  at  them. 

"It  would  be  damage  eternal  if  they  were  lo«t.  When  yon  see 
them,  father,  you  yonraelf  will  acknowledge  it.  Now  I  oannot  say 
more  of  them,  only  so  maoh;  that/roA  nothing  {  hant  created  another 
wkotly  new  world.  All  that  I  have  hitherto  sent  yon  compares  to 
this  only  aa  a  honse  of  cards  to  a  oastle."* 

His  results  were  printed  as  an  Appendix  to  his  father's 
work,  entitled  Tentamen  Juvintutem  Sludiosam  tn  ElemetUa 
Mathescos  Purae,  Ehmentaris  ac  Subhmtoris,  Methodo  In- 
tuttiva,  E-videntia—que  kutc  Propria  Introducendi.  The  two 
dozen  pagescontributed  by  the  younger  Bolyai  have  been  some- 

*T]if,  Science  Absolute  of  Space,  by  John  Boly^,  translated  by  G,  B. 
Halsted;  Introduction,  pp.  XXVH,  XXVUI. 
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what  exaggreratedly  characterized  as  the  most  remarkable  two 
dozen  pages  in  the  history  of  thought.  When  this  work  at  last 
reached  Gauss,  he  wrote  to  his  pupil  and  friend,  Geriing:  "I 
hold  this  young  geometer  von  Bolyai  to  be  a  genius  of  the 
first  magnitude."  Bolyai  called  his  work.  The  Science  Abso- 
lute of  Space,  independent  of  the  truth  or  falsity  of  Euclid's 
Axiom  XI  (which  can  never  be  decided  a  priori).  And  later, 
we  read  on  the  title  page  of  the  elder  Bolyai's  Kurzer  Grund- 
riss:  "the  question,  whether  two  straight  lines,  cut  by  a  third, 
if  the  sum  of  the  interior  angles  does  not  equal  two  right 
angles,  intersect  or  not?  no  one  on  the  earth  can  answer  with- 
out assuming  an  axiom  (as  Euclid  the  eleventh)."  The  work 
of  Bolyai,  the  younger,  which  makes  all  preceding  space  only 
a  special  case,  only  a  species  under  a  genus,  and  requiring  a 
descriptive  adjective  Euclidian,  was  rescued  from,  oblivion, 
after  thirty  years,  by  Professor  Richard  Baltzer,  of  Dresden; 
and  J.  Houel,  of  Bordeaux,  following  in  the  steps  of  Baltzer, 
inserted  extracts  from  Bolyai's  book  in  his  Essai  Critique  sur 
les  prinapes  fondatnentaux  de  la  Geometrie  elementaire. 
Indeed,  this  scientist  mastered  the  principal  European  lan- 
guages in  order  to  make  known  to  his  contemporaries  the 
most  celebrated  mathematical  works. 

There  is  another  name  which  deserves  to  become  conspic- 
uous in  the  history  of  non-Euclidian  geometry;  but  not  until 
1900  were  the  facts  in  connection  with  his  independent  dis- 
covery accurately  known.  In  a  letter  to  the  elder  Bolyai, 
written  October  31,  1851,  Gerling,  a  scholar  of  Gauss  and 
Professor  of  Astronomy  at  Marburg,  wrote  as  follows:  "We 
bad  here  about  this  time  (1819)  a  law  professor  Schweikart, 

who had  attained  to  similar  ideas,  since  without  help 

of  the  Euclidian  axiom  he  developed  in  its  beginnings  a  geom- 
etry which  he  called  Astralgeometry.  What  he  communi- 
cated to  me  thereon  I  sent  to  Gauss,  who  then  informed  me 
how  much  farther  already  had  been  attained  on  this  way,  and 
later  also  expressed  himself  about  the  acquisition,  which  is 
offered  to  the  few  expert  judges  in  the  Appendix  to  your 
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book."  On  the  publication  of  volume  8  of  Gauss's  Collected 
Works,  in  1900,  light  is  at  last  thrown  upon  Schweikart's 
discovery.  Here  we  find  Gcrling's  actual  letter  to  Gauss, 
written   in    1819,    in   which   he   says,    among  other   things: 

"Apropos  of  the  parallel-theory, I  learned  last  year 

that  my  colleague  Schweikart had  written  on  paral- 
lels      He  said  that  he  was  now  about  convinced  that 

without  some  datum  the  Kucltdian  postulate  could  not  l>e 
proved,  also  that  it  was  not  improbable  to  him  that  our  geom- 
etry is  only  a  chapter  of  a  more  general  geometry."*  En- 
closed in  this  letter  was  a  paper  by  Schweikart,  dated  Mar- 
burg, Decemlier,  1818.     From  this  we  learn: 

"There  is  a  two-fold  geometry — a  geometry  in  the  nar- 
rower sense— the  Euclidian,  and  an  astral  science  of 
magnitude. 

"The  triangles  of  the  latter  have  the  peculiarity, 
that  the  sum  of  the  three  angles  (of  a  triangle)  is 
not  equal  to  two  right  angles. 
'  y^/s  presumed,  it  can  be  most  rigorously  proven: 

(a)  That  the  sum  of  the  three  angles  in  the  tri- 
angle is  less   than  two  right  angles; 

(b)  That  this  sum  becomes  ever  smaller,  the  more 
content  the  angle  encloses; 

(c)  That  the  altitude  of  an  isoscles  right  angled 
triangle  indeed  ever  increases,  the  more  one  length- 
ens the  side;  that  it,  however,  cannot  surpass  a  cer- 
tain line,  which  I  call  the  constant" 

It  can  be  easily  proved  that  if  this  constant  is  infinitely 
great,  then,  and  then  only,  is  the  sum  of  the  three  angles  of 
every  triangle  equal  to  two  right  angles. 

That  the  doctrine  made  converts  in  high  places  is  evidenced 
by  Bessel's  letter  to  Gauss,  Feb.  10,  1829:  "Through  that 
which  Lambert  said,  and  what  Schweikart  disclosed  orally,  it 

•Oaw«  and  ih«  non-Euettdian  Geometry,  by  Q.  B.  Halated;  Solenoe,  N.  8. 
Vol  XU,  No.  809,  pp.  84S-«4S,  Nov.  SO,  1900. 
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has  become  clear  to  me  that  our  geometry  is  incomplete,  and 
should  receive  a  correction,  which  U  hypothetical,  and  if  the 
sum  of  the  three  angles  is  equal  to  one  hundred  and  eig'hty 
degrees,  vanishes. 

"That  were  the  true  gfeometry,  the  Kuclidian,  the  practical, 
at  least  for  figures  on  the  earth."* 

The  third  name  most  closely  associated  in  the  popular  mind 
with  the  discovery  of  the  non-Euclidian  Geometry  is  that  of 
Nicolai  Ivanovich  Lobatchevsky.  This  brilliant  genius, 
afterwards  dubbed  by  Hoiiel  the  modern  Euclid,  was  born  in 
the  year  1793  near  Mijni  Novgorod  on  the  Volga.  He  stud- 
ied under  the  great  Bartels,  was  graduated  with  distinction, 
became  professor  of  mathematics,  and  finally  rector,  of  the 
University  of  Kazan.  The  manuscripts  of  certain  of  his 
works  were  lost,  but  fortunately  there  remains  the  world- 
famous  Geotnetrical  Researches  on  the  Theory  of  Parallels.^ 
While  both  Gauss  and  Lobatchevsky  were  students  of  Bar- 
tels, there  is  even  less  reason  to  believe  that  Gauss  contrib- 
uted to  Lobatchevsky's,  than  that  he  assisted  in  Bolyai's,  dis- 
covery of  the  non-Euclidian  geometry.  In  his  New  Elements 
of  Geometry,  we  find  Lobatchevsky's  clear  enunciation: 

"The  fntilitr  of  the  efforts  which  have  been  made  dnoe  Eaclid'a 
tiiue  dariag  the  lapse  of  two  thousand  years  awoke  in  me  the  sns- 
pioion  that  the  ideas  emjdoyed  might  Dot  oontain  the  trath  sought 
to  be  demonstrated.  When  flnallj  I  liad  oonvinoed  myself  of  the 
oorreotness  of  inj  supposition  I  wrote  a  paper  on  it  (asanming  the 
inflnity  of  the  stnught  llae) . 

"Itiseasjto  show  that  the  straight  lines  making  equal  angles 
with  a  third  never  meet. 

"Bnolid  assumed  inversely,  that  two  straight  lines  uneqoallyin- 
olined  to  a  third  always  meet 

"To  demonstrate  this  latter  assumption,  reoonrse  has  been  had  to 
many  different  prooednres. 

*7^  Fkilotophieal  Foundatioru  of  itathematiei,  by  Paul  Oamsi  The 
Monist,  vol.  18.  p.  280. 

tCompore  the  English  translation  by  Q.  B.  Halsted,  published  t^  the 
University  of  Texas,  Anstin,  1891. 


idbyGoOglc 


Journal  of  the  Mitcbbli.  Socibtt. 


[May 


"All  theae  demonstrationa,  some  ingeniona,  &re  withont  exoeptioti 
false,  defective  in  their  fooudatioiu  and  withont  the  iiumniiiij  rigor 
of  dedactioD." 
Lobatchevskj  classifies  all  the  co-planar  lines  through  a 
given  point  A  with  reference  to  another  co-planar  line   BC 
not  passing  through  A,  under  two  beads — cutting  and  non- 
cutting  (Fig.  3).     The  transition  from  the  non-cutting  lines, 


H'       E'      K'     B 


such  as  SA  and  GA,  to  the  cutting  lines,  such  as  FA,  is 
marked  bj  one  line  HA — the  l)Oundary  line  between  the  two 
classes;  this  he  entitles  fhe parallel  line.  From  the  assumpt- 
ions, there  arises  the  necessity  of  making  a  distinction  of 
sides  in  parallelism,  SiTiA  head  there  must  be  two  parallels, 
so-called,  one  on  each  side.  One  logical  consequence  of  this 
is  that  "if  in  anj  rectilineal  triangle  the  sum  of  the  three 
angles  is  equal  to  two  right  angles,  this  is  also  the  case  for 
every  triangle" — one  instance  is  the  criterion  for  all. 
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As  Poincare,  perhaps  thd  world's  greatest  living  mathema- 
tician,  recently  said,  in  his  review  of  Hilbert's  Grundlagen 
der  Geomeirie: 

"Lobachevski  succeeded  in  building  a  logical  edifice  as 
coherent  as  the  geometry  of  Euclid,  but  in  which  the 
famous  postulate  is  assumed  false,  and  in  which  the 
sum  of  the  angles  of  a  triangle  is  always  less  than 
two  right  angles.     Riemann  devised  another  logical 
system,  equally  free  from  contradiction,  in  which  the 
sum  is,  on  the  other  band,  always  greater  than  two 
right  angles.     These  two  geometries,  that  of  Lo- 
bachevski and  that  of  Riemann,  are  what  are  called 
the    non-PucUdian    Geometries,     The    postulate    of 
Buclid  then  cannot  be  demonstrated;  and  this  impos- 
sibility is  as  absolutely  certain  as  any  mathematical 
truth  whatsoever."* 
Limits  of  space   forbid   more  extended  treatment  of  the 
work  of  Schweikart,  of  Bolyai,  and  of  Lobatchevsky.     By  no 
means  secondary  in  interest  to  the  investigations  of  these 
men  are  the  researches  of  Riemann  upon  the  Elliptic  Geom- 
etry;  Cayley's   projective  theory   of   measurement,    and   the 
Absolute,  leading  through  Klein  to  the  non-Euclidian  geom- 
etry;  the   hypotheses   advanced  by  Clifford   to   explain  the 
nature  of  the  space  in  which  we  live;  the  popular  expositions 
of  Helmholtz;  and    Lie's  great    group-theoretic    structure 
built  upon  the  hypothesis  of  Zahlenmannifaltigkeit.     Nor  can 
I  enter,  at  this  place,  into  any  discussion  of  the  recent  move- 
ment toward  the  treatment  of  geometry  as  a  whole  from  the 
purely  synthetic  standpoint,   inaugurated  by  Pasch,  carried 
on  by  Peano,  Pieri,  and  Veronese,   and  crowned  by  the  mas- 
terly work  of  Hilbert.     These  modern  investigators  in  what 
has  been  fittingly  termed  abstract  mathematics  have  exhibited 
the  potency   of  symbolism  in  removing  from   attention  the 

"Compare  The  Value  of  Non-Euclidian  Geometry,  by  Q.  B.  Halflted; 
F<qi.  Soi.  Umthly,  vol-  67,  pp.  642-8. 
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concrete  connotations  of  the  ordinary  terms  of  general  and 
mathematical  language.  And  ;et,  as  Professor  E.  H.  Moore 
has  pertinently  suggested,  "the  question  arises  whether  the 
abstract  mathematicians  in  making  precise  the  metes  and 
bounds  of  logic  and  the  special  deductive  sciences  are  not 
losing  sight  of  the  evolutionary  character  of  all  life-processes, 
whether  in  the  individual  or  in  the  race.  Certainly  the  log- 
icians do  not  consider  their  science  as  something  now  fixed. 
All  science,  logic  and  mathematics  included,  is  a  function  of 
the  epoch — all  science,  in  its  ideals  as  well  as  in  its  achieve- 
ments       One  has  then  the  feeling  that  the  carrying 

out  in  an  absolute  sense  of  the  program  of  the  abstract  math- 
ematicians will  be  found  impossible.  At  the  same  time,  one 
recognizes  the  importance  attaching  to  the"  effort  to  do  pre- 
cisely this  thing.  The  requirement  of  rigor  tends  toward 
essential  simplicity  of  procedure,  as  Hilbert  has  insisted  in 
his  Paris  address,  and  the  remark  applies  to  this  question  of 
mathematical  logic  and  its  abstract  expression."* 

Perhaps  a  not  unnatural  confusion  may  arise  in  the  mind 
of  the  layman  in  regard  to  the  ultimate  meaning,  the  far- 
reaching  significance  of  these  discoveries.  As  Artemus 
Ward  used  to  say,  "Why  this  thusness?"  Indeed  so  revolu- 
tionary have  many  of  the  new  theories  and  discoveries  ap- 
peared that  their  authors,  in  more  than  one  instance,  have 
hesitated  long  before  giving  them  to  the  world.  The  pio- 
neers in  science  sometimes  dread,  not  inadvisedly,  the  pos- 
sibility that  their  startling  and  epoch-making  hypotheses  and 
investigations  may  lead  them  to  t)e  dubbed  sensationalists 
and  fakirs.  Compare,  for  example,  the  letter  Gauss  wrote  to 
Bessel,  Jan.  27,  1829: 

"I  have  also  m  my  leimre  hours  froqoently  reflected  apoa  another 
problsm,  now  of  nearly  forty  years  standing.  I  refertothe  fonnda- 
tions  of  geometry.  I  do  not  know  whether  I  have  ever  mentioned 
to  yon  my  views  on  this  matter.     Hy  meditations  have  also  taken 

■On  the  Fmi-ndation*  oj  Matkemaiice,  l^  E.  H.  Uoore.  Presidential  ad- 
dreBs,  Am.  Math.  Soo.,Deo.  2D,  1903.    Science,  Maroh  18,  190B, pp. 401-416. 
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more  definite  shape,  and  1117  ooDviottoii  that  we  cannot  thoroughly 
demonstrate  geometrj  a  priori  is,  U  poeeible,  m<xe  strongly  con- 
firmed than  ever.  Bnt  it  will  take  a  long  time  for  me  to  bring  my- 
self to  the  point  of  working  oat  and  making  pnblio  my  very  rxlrn- 
nive  inveetigationa  on  this  sabjeot,  and  pofleibly  this  will  not  be  done 
dnring  my  life,  inasmuch  as  I  stand  in  dread  of  the  clamor  of  the 
Bceotiaos,  which  would  be  certain  to  arise  if  I  shonld  everitive  free 
exitrassion  to  myviews." 

As  that  wayward  Irishman.  Bernard  Shaw,  has  said,  the 
prime  and  indispensible  quality  of  the  pioneer  must  be  his 
willingtiess  to  make  a  fool  of  himself — at  first!  And  it  mat- 
ters not  in  what  sphere,  whether  art,  literature  or  science,  the 
gfreat  thing,  as  Henrik  Ibsen  says,  is  not  to  allow  one's  self  to 
be  frightened  by  the  venerableness  of  the  institution. 

Now  that  the  truth  in  regard  to  many  of  the  mooted  ques- 
tions which  pertain  to  the  foundations  of  geometry  has  at 
last  been  daringly  disclosed,  the  first  question  that  naturally 
arises  is  :  Has  Euclid's  fame  suffered  by  the  discovery  ?  One 
might  t>e  led  to  think  so  if  dependence  were  to  be  placed  in 
Clifford's  characterization  of  Lobatchevsky's  celebrated  mon- 
ograph as  "Buclid  without  the  vicious  assumption."  Such  a 
remark  is  not  only  misleading:  it  displays  a  fundamental  mis- 
apprehension in  regard  to  the  Euclidian  and  non-Euclidian 
geometries.  The  real  truth  of  the  matter  is  that  Euclid's 
genius  today  shines  forth  more  resplendently  than  ever  ;  the 
almost  flawless  perfection  of  his  work  is  only  thrown  into 
clearer  perspective  and  higher  relief.  From  thp  purely  philo- 
sophical, the  metaphysical  point  of  view,  the  discovery  of  the 
Qon-Euclidtan  geometry  is  of  vast  interest ;  for  it  gives  rise 
to  endless  speculations  in  regard  to  the  character  of  space — 
even  of  inter-stellar  space.  Are  the  three  angles  of  a  trian- 
gle equal  to  two  right  angles  if  the  sides  of  the  triangle  are 
the  distances  from  the  earth  to  the  remotest  fixed  star  ?  In 
the  realization  that  Euclidian  geometry  is  only  a  chapter  in  a 
more  general  geometry,  fitly  entitled  Pan-Geometry,  and  the 
consequent  almost  infinite  extension  of  the  domain  of  research 
consists  the  great  value  of  the  discovery  to  the  mathematt- 
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cian.  Most  interesting'  comparisons  between  the  different 
types  of  geometry  flow  from  a  study  of  certain  surfaces. 
Since  the  sum  of  the  three  ang'les  of  a  spherical  triangle  is 
greater  than  two  right  angles,  it  is  evident  that  the  charac- 
teristic geometry  of  the  sphere  is  Riemannean  ;  it  has  been 
known,  since  Lobatchevsky  and  Bolyai,  that  the  characteris- 
tic geometry  of  the  orispfaere  is  Euclidian;  since  Beltrami,  that 
of  the  GucHdiau  pseudo-sphere  is  Lobatchevskian.*  Such 
generalizations  as  Barbariu's  Theorem,  for  example,  link  to- 
gether the  various  types  of  geometry  in  a  most  succinct  and 
illuminative  fashion,  exhibiting  with  great  clarity  their  fun- 
damental distinctions  and  similarities.  Text  books  in  non- 
Buclidian  geometry  are  now  being  writteu ;  Professor  Hal- 
sted  entitles  a  popular  article  7Ae  //on-Euclidian  Gtometry 
Inevitable.  The  first  step  toward  the  popularization  of  non- 
Suclidian  geometry  is  the  clear  enunciation,  at  the  proper 
place  in  our  ordinary  text-books  of  geometry,  of  the  principle 
on  which  the  Euclidian  geometry  rests  :  that  from  the  stand- 
point of  pure  logic  the  parallel-postulate  is  a  mere  choice  be- 
tween alternatives.  "  In  all  the  books  put  into  the  hands  of 
students,"  as  M.  Barbarin  has  said,  "the  hypothetical  and 
wholly  factttiouscharacter  of  the  Euclidian  postulate  (should) 
be  put  well  into  relief."t 

The  second  great  gain  from  the  discovery  of  the  non-Euclid- 
ian geometry  is  the  possibility  of  the  formulation  of  the  prin- 
ciples of  the  general  geometry.  It  is  most  instructive  and 
stimulating  to  the  mathematical  student  tosee  the  theories  of 
Euclidian  geometry  emerge  as  special  cases  of  the  more  gen- 
eral  and   comprehensive   theories    of    Pan-Geometry.      The 

*If  we  consider  the  tabes  or  anrfaces  eqaidistant  from  a  straight  line, 
and  make  tbatdistanceiufinite.we  have  the  orispberes;  the  psendo-aphereB 
are  surfaces  of  revojatton  which  have  fur  meridians  a  tractriz  or  line  of 
eqnal  taugente.  A  {leeado-sphere  finds  ita  approximate  oonnterpart  in  na- 
ture in  a  mortiiiig-glor7  whose  stem  is  infinitely  prolonged;  tor  a  figore, 
of.  BUmevXt  of  Trigorumelry,  by  Phillijw  and  Strong,  p.  l!W. 

tOn  the  Utility  of  Studying  Non-Ew.lidian  Geometry,  by  P.  BnrbtuiQ;  Le 
Mathsmatiohe,  lixy,  1901. 
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gfeneral  geometry  contains  many  propositions  common  to  all 
the  systems,  which  should  be  enumerated  in  the  same  terms 
in  each  of  these.  Sometimes  a  modification  in  the  fonn  of 
statement,  veilingf  the  special  property  of  the  figfure  in  the 
particular  type  of  space,  would  result  from  a  generalization 
of  the  theorems  for  the  general  geometry,  in  which  case  such 
special  properties  should  be  clearly  indicated.  Thus,  to  state 
anillustration  cited  by  M-  Barbarin,*  that  of  the  convex  quad- 
rilateral inscribed  in  a  circle,  in  Euclidian  geometry,  the  sum 
of  two  opposite  angles  is  constant  and  equal  to  two  rtg  hi  angles; 
in  non-Euclidian  geometry,  this  sum  ts  variable.  Notwith- 
standing this,  the  two  forms  may  be  reconciled,  since  in 
both  cases  the  sum  of  two  opposite  angles  equals  that  of  the 
other  two,  and  this  is  sufficient  for  a  convex  quadrilateral  to 
be  inscriptible.  Such  generalizations  often  lead  to  a  com- 
plete redistribution  of  values,  and  so  clarify  the  processes  of 
Euclidian  geometry  in  the  most  distinctive  way.  Professor 
E.  Study  has  said  : 

"The  conception  of  geometi7  M  an  experimental  soienoeiaon^ 
one  among  many  possible,  and  the  standpoint  of  tlie  empiric  is  as 
regards  geometry  by  do  means  the  richest  in  outlook.  H'or  he  will 
not,  in  his  one-sidedness,  justly  appreciate  the  fact  that  in  mani- 
fold, and  often  snrprieing  ways  the  mathematical  soienoee  are  in- 
tertwined with  one  another,  that  in  truth  they  form  an  indivisible 

"  Althongh  It  is  poedble  and  indeed  hig^y  desimble  that  each  sep- 
arate part  or  theory  be  developed  independently  from  the  others  and 
with  the  instmmentalities  pecnliar  to  it,  yet  whoever  shonld  disre- 
gard the  manifold  interdependence  of  the  different  parts,  wonld  de- 
prive himself  of  one  of  the  moat  powerfnl  instruments  of  research. 

"This  tmth,  really  self-evident  yet  often  not  taken  to  heart,  ap- 
plied to  Eioolidian  and  non-Endidian  geometry,  leads  to  the  some- 
what paradoxioal  resnlt  that,  among  oonditions  to  a  more  profound 
understanding  of  even  elementary  ports  of  the  Bnolidian  geometry, 
the  knowledge  of  the  non-Eoolidian  geometry  cannot  be  dispensed 
with."t 

*0n  iht  Utility  of  Studyiiig  mm-Euelidian  Qeotrtttry,  L  0. 

t  Veber  Nicht-Euktiditcke  tind  IAnifn-Oeomttn£,  Greifswald,  1900. 
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Lastly,  the  discovery  of  tbe  aon-Guclidiaa  geometry  virtu- 
ally fixes  upon  the  Euclidian  geometry  its  practical  and  em- 
pirical character.  "In  connecting  a  geometry  with  experi- 
ence," to  cite  the  view  of  the  most  confirmed  of  non-Euclid- 
ians,  "there  is  involved  a  process  which  we  find  in  the  theo- 
retical haadliag  of  any  empirical  data,  and  which  therefore 
should  be  familiarly  intelligible  to  any  scientist.  The  results 
of  any  observations  hold  good,  are  valid,  always  only  within 
definite  limits  of  exactitude  and  under  particular  conditions. 
When  we  set  up  the  axioms,  we  put  in  place  of  these  results 
statements  of  absolute  precision  and  generality.  In  this  ideal- 
ization of  the  empirical  data  our  addition  is  at  first  only  re- 
stricted in  its  arbitrariness  in  so  much  as  it  must  seem  to  ap- 
proximate, must  apparently  fit,  the  supposed  facts  of  experi- 
ence, and,  on  the  other  haqd,  must  introduce  no  logical  con- 
tradiction. Thus  to-day  the  ordinary  triplyextended  space 
of  our  experience  may  be  purely  Bolyaian,  or  purely  Eu- 
clidian, or  purely  Cliffordian,  or  purely  Riemannian."*  To 
put  it  extravagantly,  the  non-Euclidian  geometer,  like  a  crou- 
pier, cries  out  to  his  audience:  "Here  are  three  assumptions 
in  regard  to  the  angle  sum  of  a  triangle;  from  not  one  of  the 
three  do  any  logical  contradictions  follow;  which  one  will  you 
take  ?  Messieurs-, /aites  vos  feux!"  The  result  is,  not  that  the 
mathematical  world  singles  out  one  to  the  exclusion  of  the 
others — but  studies  all  three,  their  inter-actions,  inter-relations, 
and  mutual  dependencies.  And  yet  if  the  "man  in  the  street" 
impatiently  cries  out:  "I  am  not  interested  in  what  may  be 
the  possible  nature  of  space  in  the  vicinity  of  Mars,  or  even  the 
possible  character  of  geometrical  figures  on  the  planet  Jupiter, 
or  in  the  tortuous  reasonings  of  a  mathematical  Alice  in  Won- 
derland. Tell  me,  what  is  the  character  of  the  space  I  occu- 
py, the  nature  of  the  physical  world  in  which  I  live  and  move 
and  have  my  being?"  And  the  answer  of  mathematicians 
throughout  the  world,  with  certain  distinguished  exceptions, 

'The  Appreciation  o/  non-Euelidiaa  Oe<mttry,  bjr  G.  B,  EftlaCed;  Science, 
Uuob  as,  1901,  pp.  4«2-4eB. 
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would doubtlessbe:  "Although itcanneverbe  mathematically 
demonstrated,  our  space  I  believe  to  be  Euclidian  space  be- 
cause of  the  testimony  of  experience."  The  three  angles  of 
a  triangle  can  never  be  mathematically  demonstrated- to  be 
equal  to  two  right  angles;  nor  can  experience  ever  give  the 
absolutely  exact  metric  results  desiderated.  And  yet,  this 
thing  amounts  to  what  we  crudely  call  "moral  certainty", 
viz.  that  the  "practical  geometry",  as  Bessel  rightly  called 
it,  within  reasonable  limits  of  error — for  which  we  must 
always  allow  in  this  imperfect  world—,  and  for  limited  por- 
tions of  space,  is  Euclidian.  So,  after  all,  it  seems  that 
we  are  forced  to  the  conclusion  that  the  axioms  of  geom- 
etry, although  they  are,  abstractly  speaking,  assump- 
tions, are,  practically  speaking,  deductions  from  expe- 
rience. Only  as  suppliants  at  the  feet  of  Nature  her- 
self can  we  ever  hope  to  penetrate  to  the  heart  of  her  mys- 
tery. 
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A  NEW  COLOR  TEST  FOR  THE  UGNOCELLULOSES. 


ALVIN  S.  WHBBLBK. 


The  lignocelluloses  give  a  number  of  color  reactions,  the 
most  valuable  being  the  reaction  with  phloroglucinol  in 
hydrochloric  acid  solution.  The  rich  reddish  violet  color  is 
very  pronounced.  The  salts  of  anilin  give  a  golden  yellow 
but  the  color  is  not  sufficiently  dark  to  allow  them  to  com- 
pete  with  phloroglucinol.  However,  I  have  observed  that 
the  salts  of  the  nitranilines  produce  a  color  which  is  very 
striking,  a  rich  blood  red  color.  As  phloroglucinol  solutions 
are  said  to  deteriorate  with  age,  I  have  kept  for  one  year 
exposed  to  full  daylight  a  hydrochloric  acid  solution  of 
phloroglucinol  and  also  one  of  paranitraniline.  The  phenol 
solution  became  brown,  showing  some  decomposition  and  on 
applying  it  to  pine  sawdust  the  violet  color  was  not  fully 
developed  instantly  but  in  a  few  minutes  became  as  dark  as 
that  made  by  a  fresh  solution.  The  nitraniline  solution  was 
perfectly  stable  and  gave  its  reaction  as  quickly  as  a  fresh 
solution.  So  far  as  a  year's  time  is  concerned  the  new 
reagent  has  no  real  advantage  over  the  old. 

The  red  color  is  produced  by  the  salts  of  the  ortho,  meta 
and  paranitranilines  but  the  meta  compounds  are  much 
inferior,  the  color  being  pale  in  comparison.  The  ortho  and 
para  compounds  give  the  same  deep  color.  Paranitraniline 
is  to  be  preferred  since  it  is  more  readily  obtained.  Different 
salts  of  this  amine  such  as  sulphate,  nitrate,  hydrobromide 
and  hydrochloride  were  tested  but  no  difference  was  noted. 
The  hydrochloride  was  adopted  for  use.  This  salt,  dis- 
solved in  pure  water,  only  gives  a  yellow  color,  but  on  stand- 
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ing  for  some  hours  the  red  color  develops.  Since  the  best 
results  are  obtained  when  free  acid  is  present,  various 
strengths  of  hydrochloric  acid  were  tried  from  one-half  to  a 
twelve  per  cent,  solution  but  no  important  difference  could 
be  observed.  It  is  convenient  to  use  an  acid  of  specific  grav- 
ity 1.06.  A  study  of  various  concentrations  of  the  parani- 
traailine  in  acid  solution  revealed  no  differences  of  couse- 
quence.  It  was  observed  that  iu  all  cases  hot  solutions  pro- 
duced much  quicker  results  than  cold  ones.  In  fact  hot  solu- 
tions seemed  to  give  the  full  depth  of  color  instantaneously. 

The  reagent  was  applied  to  a  wide  variety  of  woods,  to 
jute,  to  oat  straw  and  to  many  samples  of  paper.  A  No.  1 
book  paper  showed  numerous  small  red  fibres,  indicating 
adulteration  with  mechanical  wood  or  else  incomplete  con- 
version of  the  lignocellulose.  A  yellow  paper  containing 
five  per  cent,  of  mechanical  wood  gave  a  deeper  color,  like- 
wise a  salmon  pink  paper.  A  very  deep  blue  paper  made  of 
sulphite  cellulose  showed  scattering  red  fibres  which  were 
easily  seen.  A  sample  of  white  paper  made  from  bleached 
sulphite  gave  no  trace  of  color. 

A  striking  lecture  experiment  is  carried  out  by  projecting 
a  quantity  of  the  hot  solution  against  a  large  sheet  of  paper 
made  of  mechanical  wood,  such  as  newspaper  stock. 
■  In  conclusion,  the  reagent  is  made  by  dissolving  two  grams 
of  paranitraniline  in  one  hundred  cubic  centimeters  of  hydro- 
chloric acid,  eithei' of  specific  gravity  1.06  or  a  4N  solution. 
When  used  hot,  a  blood  red  color  is  instantaneously 
obtained  with  lignocelluloses. 

Universily  of  North  Carolina, 
February  2i,  igoj. 
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NOTES  ON  THE  GEOLOGY  OF  CORE    BANK,  N.  C. 


BY  COLLIER  COBB. 

The  storm  of  October  17th,  1906,  cat  three  inlets  across 
Core  Bank,  juat  below  Cedar  Island  Inlet  (closed  since  fSOS) 
and  near  the  aite  of  Old  Drum  Inlet  (closed  in  1822),  and 
revealed  the  fact  that  the  beach  sands  and  dunes  (Columbia) 
rest  upon  a  clay  foundation  (Neocene),  which  in  its  turn  is 
underlaid  by  Tertiary  ahell-rock,  exactly  similar  to  the  shell 
rock  occurring  at  various  points  in  Currituck  Sound  and 
already  noted  in  thia  Journal.*  Amonj;  the  forma  observed  here 
were  Turritella,  Lunatia,  Glycymeris,  Tomatellaea,  Nucula, 
Lucina,  Corbula,  Proiocardia,  Modiolus,  Area,  Oslrea.  These 
were  in  most  cases  packed  together  in  the  shell-rock,  and  a 
few  sharks'  teeth  were  included.  The  upper  portion  of  thia 
rock  was  made  up  almost  entirely  of  the  shells  of  Tellina. 
After  the  atorm  the  entire  bank  in  the  region  of  the  new- 
formed  inlets  was  black  with  magnetic  sands,  heavily  ripped, 
their  thicknes  being  in  some  cases  as  much  as  three  inches. 

Numerous  water-wom  shells  of  Cardium,  Anomia,  Exo- 
gyra,  Serpu/a,  Gryphaea,  of  speciea  identical  with  those 
found  by  the  writer  on  Currituck  Banks,  were  washed  up  by 
the  storm,  aa  were  also  the  bones  of  fishes,  all  these  being 
Cretaceous  fossils.  Many  coral  fragments  were  also  found. 
The  Captain  of  the  Core  Bank  Life  Saving  Station,  Willis, 
sailed  through  one  of  the  inlets  and  found  sis  feet  of  water 
in  its  shallowest  part.  On  December  16th,  1906,  I  walked 
across  all  three  of  the  inlets  at  low  water  in  company  with 
Captain  Wm.  T.  Willia  of  the  Core  Bank  Life  Saving  Station, 

•Voih  zzn.  No.  1,  190e,  pp  17-19. 


idbyGoOglC 


ipo7^  Cobb — Gboi,ogy  of  Cor«  Bake.  27 

and  Mr.  R.  C.  Holton  of  Atlantic,  the  washing:  up  of  sand 
from  the  sea  and  the  southward  movement  of  the  dunes  hav- 
ing nearly  filled  them. 

The  Tertiary  shell-rock  was  encountered  in  Core  Sound 
iMtween  Core  Bank  and  Cedar  Island,  and  between  Core 
Bank  and  the  mainland.  There  is  thus  no  longer  any  ques- 
tion as  ito  the  origin  of  Core  Bank  or  of  Currituck  Bank,  for 
they  are  both  essentially  parts  of  the  mainland.  Currituck 
Sound  was  formerly  a  river  that  Sowed  into  the  Albemarle  or 
Caroline  River  before  the  present  Albemarle  Sound  was 
formed  by  the  drowning  of  that  valley;  and  Core  Sound  was 
for  the  greater  part  of  its  length  a  southern  tributary  of  the 
large  river  made  up  of  the  Pamlico  and  the  Neuse,  and  pass- 
ing to  seaward  through  the  present  Ocracoke  Inlet.  The 
Albemarle  River  passed  through  the  present  fresh  ponds  just 
south  of  the  Kill  Devil  Hills,  and  the  margin  of  the  conti- 
,  nent  was  some  three  score  miles  eastward  of  its  present  posi- 
tion. 

Then  came  the  subsidence  which  drowned  out  the  lower 
river  valleys  producing  the  estuaries  and  sounds  already  men- 
tioned, and  this  subsidence  may  still  be  in  progress  in  the 
region  to  the  north  of  Cape  Hatteras. 

Since  that  subsidence,  however,  there  has  been  an  uplift  of 
the  land  from  Cape  Hatteras  southward,  which,  in  all  proba- 
bility is  still  going  on.  As  the  dunes  advance  towards  the 
sound  side  they  depress  by  their  weight  the  swamp  muck  in 
which  the  trees  of  that  side  grow,  and  these  are  left  exposed 
on  the  seaward  side  when  the  dunes  have  passed.  This  com- 
pression of  the  muck,  which  is  common  from  Hatteras  Island 
northward,  may  easily  be  mistaken  for  subsidence  of  the 
land. 

But  on  the  land  opposite  Core  Bank,  successive  strata  of 
muck,  filled  with  well-rounded  wind-blown  sands  rise  twenty 
feet  above  Core  Sound  at  Atlantic.  Kitchen  middens,  too, 
mark  this  line  of  elevated  shore,  the  heaps  being  composed 
mainly  of  oyster  shells  with  an  occasional  bit  of  broken 
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ladian  pottery,  and  an  occasional  stone  cleaver.  Similar 
evidences  of  recent  elevation  have  been  observed  by  the 
writer  at  various  points  from  Cape  Hatteras  to  Cape  Sable. 

HoTK — This  paper  was  preaent«d,  with  laotem  illastratioiiB,  before  Sec- 
tion B,  ot  the  American  Aaaooiation  for  the  AdTaooemeot  of  Science, 
New  York,  Deoember  SUt,  1900,  and  an  abstract  appears  in  Scifnre  N.  S. 
vol.  XXV,  p.  397,  Feb.  32,  1907. 
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NOTE  ON  ELECTRICAL  AGEING  OF  FLOUR. 


The  Alsop  Process  of  Ag'eing  flour  was  described  in  the 
Electrical  World  of  December  8th,  1906,  which  is  now  in  use 
in  many  mills  in  the  United  States  and  also  in  foreign 
countries. 

The  apparatus  consists  of  a  500  volt  Shunt  Wound  dynamo, 
with  an  induction  coil  in  series  with  it,  and  an  air  pump. 

The  circuit  is  automatically  broken  at  each  stroke  of  the 
pump;  the  break  is  between  two  copper  electrodes,  and  the 
resulting  arc  is  drawn  out  until  broken. 

The  air  through  which  this  flaming^  Electrical  discharge 
passes  is  forced  by  the  air  pump  through  the  flour  as  it  comes 
from  the  mill. 

A  1>^  kw  dynamo  is  sufficient  for  a  mill  of  some  30  to  40 
barrels  daily  output. 

It  has  been  the  practice  of  millers  and  warehouse  men  for  a 
long  time  to  age  fresh  flour  by  storage,  thus  fitting  it  better 
for  bread  and  yielding  a  higher  grade  product.  By  AIsop's 
process  these  beneficial  results  are  obtained  in  a  few  moments. 

The  conclusion  is  that  the  active  elements  in  the  atmos- 
phere which  improve  the  bread  making  qualities  of  the  flour 
when  stored,  are  plentifully  produced  by  the  flaming 
discharge  of  Electricity  between  Copper  Electrodes. 

^907]  S9 
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INDUSTRIAL   AND   SCIENTIFIC  ASPECTS  OF  THE 
PINE  AND  ITS  PRODUCTS.* 


BY  CHAS.  H.  HBSTT,  PH.D. 

Consideration  of  the  annual  production  of  volatile  oils  shows 
at  once  the  great  preponderance  of  spirits  of  turpentine  over 
all  others  combined.  Each  quart  of  spirits  of  turpentine  rep- 
resents approximately  one  year's  output  of  this  product  from 
one  tree.  At  least  nine-tenths  of  the  world's  supply  of  this 
substance  comes  from  our  Southern  States,  for  the  production 
of  which  not  less  than  one  hundred  and  twenty  millions  of 
trees  are  annually  subjected  to  turpentining.  Two  millions 
of  acres  of  virgin  timber  are  annually  brought  into  operation 
to  supply  the  place  of  exhausted  timber.  Millions  of  pines 
which  have  never  been  turpentined  are  felled  each  year  by  the 
mills  in  Mississippi,  Louisiana  and  Texas.  Every  winter  the 
entire  turpentine  producing  section  is  swept  by  ground  fires 
which  destroy  most  of  the  seedlings,  and  thus  make  impos- 
sible reproduction  on  any  large  scale.  The  annual  revenue 
from  the  naval  stores  industry  can  be  conservately  estimated 
under  present  prices  at  not  less  than  forty  millions  of  dollars. 
Surely  such  a  situation  justifies  and  demands  systematic 
experimental  work  in  the  hope  of  conserving  this  valuable 
.  native  resource. 

BFFBCT  OP  TDSPBNTINIHG  ON  LDMBBR. 

The  pine  has  a  two-fold  commercial  value,  first,  as  timber, 
second,  as  a  producer  of  the  olco-resin.   "crude  turpentine." 

"Reiwuited  from  The  Chemteal  Enginetr,  March,  1007. 
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For  many  years  it  was  believed  that  timber  which  had  been 
turpentined,  commonly  called  "bled  timber,"  was  inferior  to 
"unbled"  for  construction  purposes.  A  thorougfh  investiga- 
tion of  this  question  in  1893  by  the  Division  of  Forestry  of  the 
U,  S.  Department  of  Agriculture  showed  the  fallacy  of  this 
belief,  and  now  no  distinction  is  made.  Indeed  in  France 
timt>er  from  trees  which  have  been  turpentined  is  preferred 
for  all  purposes  where  strength  and  elasticity  are  demanded. 

CRUDE  TURPBNTIHB. 

Previous  to  the  last  twelve  years  no  systematic  experiments 
had  been  carried  out  In  this  country  on  the  production  of  crude 
turpentine.  The  records  of  the  U.  S.  Patent  Office  as  far 
back  as  1869  show  various  inventions  designed  as  substitutes 
for  the  "box,"  this  being  a  deep  hole  cut  in  the  base  of  the 
-  tree,  having  a  capacity  of  about  one  quart  and  serving  to  col- 
lect the  crude  turpentine  which  flows  from  the  scarified  trunk 
above.  None  of  these  devices  however  gained  permanent 
favor  among  turpentine  operators.  In  1894  W.  W.  Ashe,  of 
the  N.  C.  Geological  Survey,  began  a  comparative  study  of 
crude  turpentine  collected  by  the  "box"  system,  uniformly 
practiced  in  this  country,  and  by  the  "cup"  or  Hugues  system, 
practiced  in  France.  These  experiments  were  planned  with 
care,  and  although  carried  out  on  a  small  scale  gave  interest- 
ing results.     They  were  discontinued  after  one  year. 

In  the  hope  of  accomplishing  something  toward  the  conser- 
vation of  the  pine  forests  of  Georgia  I  began  during  the  sum- 
mer of  1901  field  experiments  on  the  production  of  crude 
turpentine  by  the  pine.  With  an  apparatus  somewhat  similar 
to  that  used  in  France,  but  essentially  modified  to  suit  our 
system  of  scarification  or  "chipping,"  various  studies,  both 
qualitative  and  quantitative,  were  made  in  the  pine  forests  of 
the  southern  part  of  the  State.  Many  of  the  specimens  col- 
lected were  afterwards  examined  in  the  chemical  laboratory. 
The  striking  character  of  the  results  obtained  aroused  the 
interest  of  the  U.  S.  Bureau  of  Forestry,  and  during  the  fol- 
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lowing  winter  I  was  led  to  accept  a  commission  in  the  Bureau 
for  the  purpose  of  carrying  out  on  a  commercial  scale  the 
experiments  already  begun. 

As  introductory  to  the  discussion  of  that  work  let  me 
explain  briefly  the  operations  commonly  in  practice  in  the 
turpentine  woods.  During  the  winter  the  "boxes"  are  cut  in 
the  trees.  In  early  spring  the  weekly  scarification  or  "chip- 
ping" begins.  It  is  necessary  to  renew  this  wound  each  week, 
as  the  flow  of  crude  turpentine  practically  ceases  after  seven 
days.  Chipping  extends  each  year  about  eighteen  inches  up 
the  tree)  the  depth  of  the  cut  being  atwut  one  inch  and  the 
width,  on  an  average  tree,  fourteen  inches.  When  the  boxes 
fill,  usually  every  four  or  five  weeks,  the  crude  turpentine  is 
removed  to  buckets,  then  to  barrels  and  hauled  to  the  still. 
During  the  year  some-of  the  product  remains  sticking  to  the 
exposed  "face"  of  the  tree.  This  is  collected  in  the  fall  and 
distilled,  although  it  has  a  much  smaller  percentage  of  spirits 
of  turpentine  than  the  "dip"  from  the  boxes.  Lastly  a  space 
around  each  tree  is  cleared  of  all  combustible  material  as  a. 
protection  against  the  annual  ground  fires. 

The  basis  of  my  work  was  the  conviction  that  the  pine  is 
not  so  much  a  store-house  but  rather  a  factory  for  the  pro- 
duction of  crude  turpentine,  and  that  timber  which  is  not 
boxed  should  produce  more  than  timber  whose  vitality  is  di- 
minished by  the  cutting  of  the  box.  Comparative  experiments 
were  carried  out  in  1903  at  Ocilla,  Ga.,  on  thirty  thousand 
trees.  In  these  experiments  both  the  "box"  and  the  "cup 
and  gutter"  systems  were  used  under  conditions  as  nearly 
identical  as  possible.  The  results  showed  an  even  greater 
difference  in  favor  of  the  unboxed  timber  than  was  expected, 
while  the  qualitative  results  previously  obtained  by  Ashe 
were  confirmed.  The  immediate  commercial  introduction  of 
the  cup  and  gutter  system  was  assured  by  the  financial  gain 
from  the  increased  output,  the  improved  quality  of  the  rosin 
and  the  protection  given  to  the  trees  against  wind  and  fire. 

For   the   production  of  crude  turpentine  it  is  necessary  to 
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wound  the  tree.  If  the  tree  is  girdled  it  dies.  What  then  is 
the  limit  of  wounding^  to  which  it  is  necessary  to  subject  the 
tree  in  order  to  get  the  most  profitable  yield,  and  beyond 
which  it  is  unsafe  to  go  ?  It  had  been  proved  at  Ocilla  that 
the  box  was  an  unnecessary  wound  and  that  by  its  elimina- 
tion the  yield  could  be  increased.  The  next  step  then  was  to 
make  comparative  tests  bearing  upon  the  extent  of  the  wound 
given  in  "chipping."  For  the  past  two  years  such  experi- 
ments have  been  conducted  in  Florida  by  the  U.  S.  Forest 
Service,  and  by  the  courtesy  of  the  Service  I  am  enabled  to 
tell  you  that  results  already  obtained  show  that  shallow  chip- 
ping produces  as  much  or  eventually  more  crude  turpentine 
than  the  customary  deep  chipping,  while  at  least  one  year  in 
three  can  be  gained  in  the  usual  rate  of  ascent  of  the  tree 
without  diminishing  the  output.  Still  other  experiments 
yielding  most  valuable  results  are  in  progress,  all  bearing 
upon  more  conservative  wounding  of  the  tree.  None  of  these 
experiments  are  extreme,  but  all  are  rational  modifications  of 
present  practices  which  will  carry  conviction  when  the  details 
are  published. 

Of  an  entirely  different  character  from  the  experiments 
just  mentioned,  but  of  great  scientific  and  practical  value, 
are  the  recent  studies  of  Prof.  A.  Tschirch,  of  Switzerland,  on 
resin  secretion.  By  the  use  of  the  microscope  and  suitable  stains 
he  has  proven  that  the  seat  of  resin  production  is  in  a  muci- 
laginous layer  lining  the  inner  walls  of  the  resin  ducts.  In  a 
later  study,  carried  out  upon  a  large  number  of  trees,  he  has 
further  demonstrated  that  while  there  are  a  limited  number 
of  "primary"  resin  ducts  present  in  the  untapped  pine,  by  far 
the  greater  flow  of  resin  proceeds  from  secondary  ducts 
formed  in  the  outer  sap  wood  after  the  wounding  of  the  tree. 
The  resin  from  the  "primary"  ducts  is  a  physiological  pro- 
duct, that  from  the  "secondary"  a  true  pathological  product. 

While  many  chemical  studies  have  been  made  of  the  pro- 
ducts obtained  by  distillation  of  crude  turpentine,  only  one 
detailed  investigation  is  on  record  regarding  the  nature  of  the 
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oleo-resin  secreted  in   the  LoQgleaf  pine.     Tschircli  and  Ko- 
ritzschoner  have  shown  that  this  oleo-resin  consists  of 
Palabienic  Acid — C,jH„0,  5  per  cent. 

Palabietic  Acid— cJh^O,—  6     " 

1  and /?— Palabietitflic  Acid— C„H„0.—  56     " 
Spirits  of  Turpentine  20    "        " 

Paloresene  10    "        " 

Impurities,  Bitter  Principle  and  Water  3  "  " 
No  study  has  been  published  of  the  oleo-resin  from  Pinus 
Heterophjlla,  or  Cuban  pine,  which  occurs  so  frequently  in 
the  Florida  forests  and  from  which  therefore  so  larg^e  a  pro- 
portion of  the  present  supply  of  spirits  of  turpentine  and 
rosin  is  prepared.  Such  an  investigation  has  been  begun  in 
the  laboratory  of  the  University  of  North  Carolina. 

Many  interesting  new  lines  of  investigation  in  this  field 
suggest  themselves  if  the  chemist  instead  of  waiting  for 
specimens  to  reach  the  laboratory  will  study  and  note  the 
changes  at  the  tree.  When  the  oleo-resin  first  appears  it  is 
a  perfectly  clear  liquid.  In  the  case  of  some  pines  it  remains 
thus  for  weeks  and  then  slow  crystallization  of  the  dissolved 
acids  begfins,  with  others  Jhe  crystallization  begins  within  a 
minute  after  the  drop  appears.  Evidence  already  in  hand  points 
to  the  probability  that  the  clear  liquid  issuing  from  the 
resin  ducts  is  a  supersaturated  solution.  To  what  is  this 
condition  of  supersaturation  to  be  ascribed  ?  Again,  the  flow 
of  resin  is  relatively  rapid  during  the  first  forty-eight  hours 
after  wounding,  then  quickly  diminishes  and  practically 
ceases  after  seven  days.  Is  this  cessation  to  be  explained  by 
the  plant  physiologist  or  by  the  chemist  ?  Has  the  inner  lin- 
ing of  the  resin  duct  lost  its  power  of  production,  or  has  the 
duct  been  closed  by  oxidation,  or  crystallization  of  the  oleo- 
resin  which  it  exudes?  If  chemical,  can  it  be  prevented  by 
some  simple  means  ?  A  practical  solution  of  this  problem 
would  be  a  great  blessing  to  the  turpentine  operator  in  these 
days  of   scarcity  of  labor  and  would  do  more  than  anything 
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else  for  the  preservation  of  our  pine  forests.  Still  again — 
what  is  the  chemistry  of  "scrape"  formation  ?  Why  the  va- 
riation in  the  amount  of  scrape  formed  in  pines  of  different 
species  and  even  among  those  of  the  same  species  ?  These 
are  a  few  of  the  many  problems  in  this  untouched  field 
awaiting  the  skill  and  patience  of  the  investigator. 

DISTrtLATION. 

Crude  turpentine  is  of  very  little  commercial  use.  It  must 
be  separated  by  distillation  into  its  coostitueats,  spirits  of 
turpentine  and  rosin.  In  this  country  distillation  is  carried 
out  in  large  copper  stills  heated  by  direct  fire.  During  distil- 
lation a  current  of  warm  water  is  let  into  the  still.  The  steam 
produced  by  the  water  added  during  distillation  materially 
lowers  the  temperature  and  lessons  the  time  necessary  for  the 
complete  removal  of  the  spirits  of  turpentine.  An  interesting 
study  of  this  subject  from  a  physico-chemical  standpoint  has 
been  made  by  Prof.  Vezes,  of  Bordeaux.  By  distilling  at  this 
lower  temperature  the  possibility  of  destructive  distillation  of 
the  rosin  is  avoided.  The  vaporized  spirits  of  turpentine  and 
the  steam  are  condensed  in  a  water  jacketed  copper  coil  and 
collected  in  a  suitable  vessel  where  separation  takes  place 
owing  to  the  difference  in  specific  gravities  and  the  mutual 
insolubility  of  the  two  liquids.  On  completion  of  the  distil- 
lation the  cap  of  the  still  is  removed  and  the  excess  of  water 
twiled  off  to  prevent  opaqueness  in  the  rosin.  The  molten 
rosin  is  then  run  through  an  opening  near  the  bottom  of  the 
still  into  strainers  lined  with  cotton  batting  through  which 
it  filters  into  a  vat.  After  partial  cooling  the  rosin  is  dipped 
into  barrels  where  it  slowly  solidifies. 

Ehiring  the  summer  of  1903  I  had  opportunity  to  study  the 
systems  of  distillation  practiced  in  France.  Three  types  were 
found,  first  distillation  by  free  flame  and  addition  of  water, 
as  in  this  country,  second  by  steam  alone  in  steam  jacketed 
stills,  and  third  by  a  system  of  "mixed  injection,"!,  e.  free 
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flame  aod  addition  of  water  together  with  steam  injection. 
The  cost  of  a  plant  for  distillation  by  steam  alone  is  far  greater 
than  that  of  the  simple  plants  in  this  country.  After  careful 
study  of  these  systems  I  am  convinced  that  if  a  skillfull 
"stiller"  is  in  charge,  as  good  results  are  obtained  here  as  with 
the  best  of  the  French  steam  sttUs,  but  the  personal  equation, 
which  plays  no  role  in  the  steam  still,  is  of  prime  importance 
with  us.  Perhaps  the  best  of  these  for  our  conditions  would 
be  that  of  mixed  injection,  for  the  extra  cost  of  installation 
and  operation  is  not  great  and  the  personal  element  of  the 
"  stiller  "  is  entirely  eliminated. 

SPIRITS    OF    TURPBNTIMB. 

The  chief  constituent  of  spirits  of  turpentine  is  pinene, 
C,„H,,.  Many  battles  have  been  waged  over  the  structural 
formula  of  this  compound.  At  first  it  was  classified  among 
the  open  chain  hydrocarbons  but  later  was  sbown  to  be  a  ring 
compound.  Of  the  many  formulas  proposed  that  of  Wagner 
is  most  in  accord  with  the  reactions  of  the  substance. 


Some  of  the  work  upon  American  spirits  of  turpentine  has 
been  in  vain,  because  investigators  failed  to  take  into  account 
the  facts  that  in  our  turpentine  orchards  more  than  one  species 
of  pine  is  turpentined  and  that  the  crude  turpentine  from  each 
is  indiscriminately  mixed  when  collected.    Recognizing  these 
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facts  J.  H.  Long  in  1893  secured  specimens  from  identified 
individual  trees,  distilled  the  volatile  oils  from  each  and  con- 
cluded that  while  American  turpentine  rotates  the  plane  of 
polarized  lig^ht  to  the  right  the  variations  in  the  amount  of 
rotation  indifferent  specimens  is  due  to  admixture  of  thelsevo- 
rotatory  oil  from  Cuban  pine  with  the  dextro-rotatory  oil  from 
thel^ng  leaf  pine,  and  as  the  latter  tree  generally  predominates 
the  resultant  oils  are  more  or  leas  dextro-rotatory.  New  light 
has  been  thrown  upon  this  subject  by  an  investigation  carried 
on  during  the  past  year  in  the  chemical  laboratory  of  the 
University  of  North  Carolina  in  collaboration  with  the  U.  S. 
Forest  Service,  by  which  the  results  of  this  study  are  to  be 
published  shortly.  Through  the  courtesy  of  the  Service  I  am 
enabled  to  refer  to  some  of  the  results  of  special  interest  in 
this  connection.  During  the  past  season,  at  regular  intervals 
of  four  weeks,  the  crude  turpentine  has  been  collected  sepa- 
rately from  seven  Longleaf  and  seven  Cuban  pines.  A  study 
of  the  oils  distilled  from  these  specimens  has  shown  a  marked 
variation  in  the  rotation  of  polarized  light.  The  variation 
exhibits  itself  not  only  in  the  oils  from  the  two  species  of 
pines,  but  even  among  those  from  the  same  species.  The 
Longleaf  pines  generally  yielded  dextro-rotatory  oils.  One, 
however,  yielded  a  Irevo-rotatory  oil,  while  another  scarcely  af- 
fected the  plane  of  polarization.  The  Cuban  pines  gave  gen- 
erally laevo-rotatory  oils  but  through  wide  variations,  one  of 
them  effecting  only  a  very  slight  rotation.  In  the  case  of 
each  tree,  however,  the  rotation  of  its  oil  was  found  to  be 
practically  coastatit  throughout  the  season. 

The  rapid  rise  in  the  price  of  spirits  of  turpentine  during 
the  past  few  years  has  led  to  frequent  adulteration  and  the 
offering  for  sale  of  many  substitutes.  The  producer,  tempted 
by  the  great  difference  in  price  of  spirits  of  turpentine  and 
kerosene,  has  frequently  mixed  the  two.  The  remedy  was 
peculiar.  Seeking  to  advance  the  price  by  producing  less 
spirits  of  turpentine,  the  operators  soon  found  that  their  suc- 
cessful effort  to  curtail  had  been  fully  off-set  by  the  addition, 
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at  manj  stills,  of  kerosene  sufficient  to  keep  the  output  at  its 
former  figfures.  The  most  piominent  producers  then  led  the 
figfht  for  "  pure  spirits  "  laws  and  in  the  largrest  producing 
States  effective  legislation  on  this  subject  has  been  enacted. 
Similar  laws  have  recently  been  passed  in  New  York  State. 

Mineral  oil  constitutes  the  chief  adulterant  of  spirits  of 
turpentine.  While  such  an  addition  maj  not  material!  j  lower 
the  solvent  power,  it  diminishes  the  oxygen  carrying  power 
directly  in  proportion  to  the  amount  present,  since  American 
petroleum  is  composed  almost  wholly  of  saturated  hydrocar- 
bons. So  skillful  has  become  the  art  of  adulterating  with 
petroleum  products  that  detection  by  the  ordinary  physical 
tests  can  be  evaded  if  the  adulterant  is  not  present  tn  too  great 
quantity.  But  by  polymerization  of  the  terpenes  with  con- 
centrated sulphuric  acid,  Herzfeld's  method,  adulterations 
even  as  low  as  one  to  two  per  cent,  can  be  detected  with  cer- 
tainty. Especially  is  this  true  if  after  successive  polymeriza- 
tions the  oils,  distilled  with  steam,  be  examined  with  the  re- 
fractometer,  as  recommended  by  McCandless, 

No  discussion  of  spirits  of  turpentine  would  be  complete 
without  embracing  that  form  now  legally  designated  as  "wood 
spirits  of  turpentine."  It  is  no  new  thing  that  a  volatile  oil, 
various  heavy  oils  and  charcoal  can  be  obtained  by  destructive 
distillation  of  "fat  lightwood."  More  than  forty  years  ago 
extensive  plants  for  such  distillation  were  in  operation  in  North 
Carolina.  But'  the  low  price  of  spirits  of  turpentine  made 
these  financial  ventures  unsuccessful.  A  few  plants  continued 
operations  on  a  small  scale,  but  the  matter  dropped  out  of 
public  notice  for  a  long  while.  With  the  recent  rise  in  price 
the  subject  was  again  agitated.  By  the  aid  of  clever  promo- 
tion, by  the  exhibition  of  actual  results  obtained,  but  from 
raw  material  above  average  richness,  by  frequent  reference  to 
latter-day  success  in  saving  and  utilizing  by-products  and 
finally  by  that  sweet  vision  of  pestiferous  stumps  removed 
from  the  cotton  rows,  great  enthusiasm  was  raised,  and  at 
one  time  unlimited  capital  was  available  for  destructive  dis- 
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tillatioD  plants,  provincially called  "stump factories."  Many 
were  built,  but  it  was  soon  found  that  the  paint  and  varnish 
people  did  not  want  the  product,  as  the  quality  was  irregular 
and  the  odor  bad.  Then,  too,  the  by-products  so  carefully 
saved  found  no  market.  Finally  throuf^h  faulty  construction 
or  careless  management  many  of  the  plants  burned.  Conse- 
quently destructive  distillation  lost  favor  and  plants  were 
erected  for  the  extraction  from  lig-htwood  by  steam  of  spirits 
of  turpentine  alone.  This  method  gives  an  oil  of  good  qual- 
ity, and  with  increased  experience  a  product  is  now  manufac- 
tured which  is  practically  the  same  as  "gum  spirits."  But 
the  yield  from  average  raw  material  is  rather  low  and  if  it  be 
sought  to  increase  the  yield  by  elevation  of  temperature  the 
quality  is  inferior. 

I  think  I  have  stated  the  case  fairly.  We  all  hope  that  this 
industry  will  eventually  t>e  placed  upon  a  good  solid  basis.  Let 
me  emphasize  three  points  in  connection  with  this  subject : — 

First. — Fewer  promoters  and  more  chemists  would  improve 
the  situation.  ' 

Second.— Investors  must  not  expect  to  realize  the  enormous 
profits  claimed  by  some  of  the  over-enthusiastic,  but  the  busi- 
ness is  capable  of  yielding  fair  dividends  if  the  plants  are 
properly  located  and  carefully  managed. 

Third. — In  spite  of  the  preference  now  shown  for  steam 
extraction,  the  future  of  this  industry  lies  in  destructive  dis- 
tillation, but  not  as  at  present'  practiced.  The  difficulty  of 
securing  profitably  a  permanent  supply  of  raw  material  wilt 
lead  to  the  establishment  of  numbers  of  cheap  stills.  Such 
stills  require  no  expert  labor  and  can  be  easily  moved  from 
time  to  time  to  fresh  portions  of  the  territory  for  raw  material. 
The  crude  product  from  these  small  stills  will  be  shipped  to  cen- 
tral refineries  where  suitable  apparatus  wiU  be  found  operated 
under  the  direction  of  chemists. 

ROSIH. 

What    is    rosin    and  of  what   chemical  compounds  is  it 
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composed?  This  question  has  interested  chemists  for 
many  years.  The  literature  of  the  subject  is  very  exten- 
sive and  the  views  held  at  various  times  were  and  even 
now  are  widely  different.  By  Maly  and  Fliickiger  rosin  was 
considered  the  anhydride  of  abietic  acid.  Henriqties  con- 
tended for  the  presence  of  lactonic  acids,  Benedict  for  free 
acids  and  ethereal  salts,  Fahrion  for  sylvic  acid,  while 
Tschirch  has  recently  separated  from  American  rosin  three 
isomeric  acids  o,  p  and  y  abietic  acids,  and  considers  that  all 
other  workers  in  this  field  have  been  dealing-  with  impure 
products.  The  controversy  on  this  subject  between  Tschirch 
and  Fahrion  is  not  yet  ended.  Tschirch  can  not  decide 
between  C„H^O,  and  C.H^O,  as  the  correct  formula  for 
abietic  acid.  Nor  has  it  been  determined  with  any  certainty 
whether  the  oxygen  atoms  of  this  acid  are  present  in  the 
form  of  hydroxyl  or  carboxyl  groups.  It  is  possible  that 
some  of  these  differences  may  be  due  to  the  fact  that  many  of 
the  specimens  used  for  investigations  are  so  called  "Amer- 
ican Rosins,"  without  taking  into  account  the  fact  that  much 
of  this  rosin  is  derived  from  at  least  two  different  species  of 
pines,  Pinus  Palustris  and  Pinus  Heterophylla. 

Rosin  varies  in  color  from  a  pale  yellow  to  a  very  deep  red, 
the  price  of  the  rosin  decreasing  with  increasing  color.  la 
France  the  better  grades  of  rosin  are  placed  in  shallow  trays 
and  exposed  for  three  or  four  months  to  the  bleaching  action 
of  sunlight.  Almost  colorless  grades  are  thereby  obtained. 
This  practice  is  carried  on  by  one  firm  in  this  country.  But 
sun-bleaching  is  not  effective  with  the  darker  rosins.  The 
great  difference  in  price  between  the  low  and  high  grades 
has  led  to  many  efforts  to  devise  chemical  methods  for  bleach- 
ing rosin.  A  number  of  patents  have  been  issued  on  the 
subject,  but  so  far  as  I  know  none  of  these  have  proved 
commercially  profitable.  Here  is  a  live  problem  for  the 
chemist,  the  correct  solution  of  which  is  certain  to  bring  rich 
returns. 

For  man;  years  the  commercial  demand  for  rosin  was  very 
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limited.  Indeed  at  one  time  the  price  dropped  so  low  that 
it  was  frequently  the  custom  in  North  Carolina  to  distill  the 
oil  from  the  crude  turpentine  and  turn  the  rosin  into  the 
creeks  and  swamps.  In  these  latter  days  of  higher  prices  the 
rosin  from  these  dumping:  grrounds  has  been  dugf  up,  melted, 
strained  and  shipped  to  market.  The  cause  of  this  increase 
in  price  is  not  difficult  to  discover.  It  is  the  manufacture  of 
rosin  oil.  Of  the  total  amount  of  rosin  produced  about  10 
per  cent,  is  used  for  sising,  varnishes  and  other  minor  matters, 
35  per  cent,  approximately,  for  soap  making,  while  not  less 
than  55  per  cent,  is  subjected  to  destructive  distillation 
whereby  rosin  spirits,  various  rosin  oils,  brewers  pitch,  etc., 
are  obtained.  As  a  substitute  for  or  adulterant  in  linseed  oil, 
as  lubricants,  tn  printer's  ink  and  in  many  other  ways  rosin 
oils  are  finding  wider  and  wider  application.  This  industry 
thrives  chiefly  in  Germany,  to  quite  a  large  extent  in  England 
and  Scotland,  and  a  much  more  limited  extent  in  France, 
where  a  high  tariff  prevents  the  importation  of  American 
rosin.  In  this  country  there  are  about  three  rosin  oil  distil- 
leries, operated  somewhat  in  the  same  manner  as  the 
European  plants.  Why  should  not  this  industry  thrive  in 
our  Southern  States?  It  would  seem  that  the  same  logic 
which  led  to  the  recent  movement  to  erect  cotton  mills  near 
the  fields  of  cotton  would  apply  in  this  case  also.  We  have 
a  great  advantage  over  the  foreign  manufacturer  if  we  will 
only  make  use  of  it.  When  the  German  or  English  rosin  oil 
manufacturer  gets  the  rosin  thoroughly  melted  in  his  still  he 
is  just  at  the  point  where  we  were  at  the  moment  the  molten 
rosin  was  turned  out  of  our  turpentine  still  into  the  vat. 
Meanwhile  what  has  ha^^ned?  The  heat  stored  up  in  the 
molten  rosin  has  gone  to  waste,  there  has  been  added  the 
labor  of  dipping  it  from  the  vat  into  the  barrels,  the  cost  of 
inspection,  broker's  commissions,  transportation  costs,  labor 
in  getting  the  rosin  from  the  barrels  and  breaking  it  into 
lumps  of  suitable  size  for  the  still,  and  finally  the  cost  of  fuel 
for  again  melting  the  rosin,  and  why?    All  in  order  to  get  it 
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back  ag^ain  into  the  condition  in  which  we  once  bad  it.  Many 
industries  have  been  developed  on  a  much  narrower  basis  of 
saving  than  that  just  indicated.  Adjacent  to  each  of  our 
turpentine  stills  there  should  be  found  one  or  more  for  rosin 
oil,  placed  on  a  lower  level,  so  that  the  molten  rosin  could  be 
run  directly  from  the  one  to  the  other  and  destructive  distilla- 
tion of  the  rosin  begun.  The  stills  for  rosin  oil  being  made 
of  iron  are  not  expensive  and  the  skill  required  for  distilling^ 
is  far  less  than  in  the  distillation  of  crude  turpentine. 
Again,  but  little  labor  would  be  required,  nor  would  it  be 
necessary  to  find  markets  or  uses  for  the  products:  these 
already  exist  and  are  constantly  increasing.  With  such  mani- 
fest advantage  we  should  be  able  to  locate  the  whole  of  this 
industry  in  our  midst. 
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PROCEEDINGS  OF  THE  NORTH   CAROLINA    ACAD- 
EMY OF  SCIENCE,  SIXTH  ANNUAL  MEETING, 
HELD    AT    CHAPEL    HILL,    MAY 
I7th    and    I8th.   1907. 

The  executive  committee  met  Friday,  May  17th  at  1  p.  m., 
the  following  members  being  present:  Col1i«r  Cobb,  W.  C. 
Coker,  John  F.  Lanneau,  and  F.  L.  Stevens. 

The  following  names  were  proposed  for  membership  to  the 
Academy  and  were  elected  to  membership  by  the  executive 
committee:  Dr.  C.  H.  Herty,  Chapel  Hill;  Dr.  J.  H.  Pratt. 
Chapel  Hill;  Dr.  A.  S.  Wheeler,  Chapel  Hill;  Dr.  J.  E.  Mills, 
Chapel  Hill;  Dr.  R.  O,  E.  Davis,  Chapel  Hill;  N.  C.  Curtis, 
Chapel  Hill;  J.  G.  Hall.  West  Raleigh;  H.  W.  Smith;  W.  A. 
Withers,  West  Raleigh;  Dr.  G.  A.  Roberts,  West  Raleigh;  F. 
P.  Drane,  Chapel  Hill;  R.  T.  Allen,  U.  S.  Geological  Survey; 
J.  E.  Pogue,  Jr.,  Chapel  Hill;  Miss  Daisy  B.  Allen,  Raleigh; 
Louis  W.  Gaines,  Wake  Forest ;  W.  N.  Hutt,  Raleigh  ; 
J.  J.  Wolfe,  Durham;  M.  H.  Stacy,  Chapel  Hill;  Clifton  D. 
Howe,  Biltmore;  C.  W.  MacNider,  Raleigh:  Will  L.  Brewer, 
Greensboro. 

At  3  p.  m.  Friday,    the  17tb,  the   Academy  was  called  to 
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order  bj  its  President,  Professor  Collier  Cobb,  and  an  address 
of  welcome  was  extended  to  the  Academy  by  President  Fran- 
cis P.  Veaable,  of  the  University  of  North  Carolina.  A 
response  to  the  address  was  made  by  the  retiring-  President, 
John  F.  Lanncau,  of  the  Academy  of  Science.  The 
remainder  of  the  afternoon  session  was  devoted  to  the  pre- 
sentation of  papers. 

At  9  p.  m.  the  Academy  met  in  Gerrard  Hall,  and  the 
presidential  address,  ".The  Garden,  Field,  and  Forest  of  the 
Nation,"  was  delivered  by  President  Cobb.  Following  this 
address  a  reception  was  extended  the  visiting  members  in  the 
Y.  M.  C.  A.  building. 

Saturday,  May  18,  at  9  a.  m.,  the  Academy  convened  for  a 
business  meeting.  The  minutes  of  the  last  meeting  were  read 
and  approved,  and  the  names  of  the  new  members,  as  elected 
by  the  executive  committee,  were  read  and  format  vote  of 
election  to  membership  was  made. 

The  nominating  committee,  previously  appointed,  presented 
for  election  the  following  names:  President,  T.  Gilbert 
Pearson;  Vice-President,  W.  C.  Coker;  Secretary,  F.  L.Ste- 
vens; members  of  the  executive  committee,  Franklin  Sher- 
man, Jr.,  J.  J.  Wolfe,  and  John  F.  Lanneau.  It  was  moved 
by  F.  L.  Stevens  that  the  name  of  E.  W.  Gudger  be  substi- 
tuted for  that  of  F.  L.  Stevens  for  Secretary.  The  amend- 
ment was  carried.  These  nominees  were  then  elected  to  office 
for  the  ensuing  year.  The  report  of  the  Treasurer,  showing 
a  balance  of  $122.53,  was  received.  Raymond  Binford  and 
Franklin  Sherman,  Jr.,  were  appointed  as  auditors.  It  was 
moved  and  carried  that  the  executive  committee  be  requested 
to  hold  the  meeting  next  year  two  weeks  earlier  than  that  of 
this  year. 

Following  tlie  business  meeting  was  held  a  meeting  for  the 
presentation  of  papers. 

The  following  papers  were  presented: 

1.     The  Sparsity  of  the  Stars,  the  Measureless  Remoteness  of 
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each  Star  from  All  Others,  John  F.  Lanneau,  Wake 
Forest  College. 
The  paper  will  appear  in  full  in  Popular  Astrunomy. 

2.  The  Foundations  of  Geometry,  Archibald   Henderson,  of 

the  University  of  North   Carolina,'  published    in  The 
Journal  of  the  EHsha  Mitchell  Society,  May,  1907. 

3.  Some   New   Sources  of  Light,  C.    W.  Edwards,  Trinity 

College.     Read  by  title. 

4.  Some  Interesting  Grasshoppers  (and  Their  Relatives)  ot 

North   Carolina,    Franklin   Sherman,  Jr.,  State  Ento- 
mologist. 

5.  Osteogenesis  Imperfecta  (with  a  report  of  a  case),  Lewis 

M.  Gaines,  of  Wake  Forest  College.      Read  by  title. 

6.  Notes  on  the  Cultivation  of  Algae  for  Class  Use,  F.  L, 

Stevens,  of  the  North  Carolina  College  of  Agriculture 
and  Mechanic  Arts. 

Suggestions  were  given  for  the  isolation  and  cultivation  of 
algae  upon  solid  medium,  consisting  of  75  per  cent,  ager  made 
up  with  Knopf's  solution.  This  medium  solidifying  at  lower 
than  34  degrees,  can  be  safely  used  in  plating  out  algar. 
Cultures  of  several  forms  were  exhibited. 

7.  Fusion   of  Sponge  Larvae   with    formation  of  composite 

sponges,  H.   V.    Wilson,  of  the    University  of  North 
Carolina. 

The  ciliated  larvae  of  silicious  sponges  (Stylotella)  may 
be  made  to  fuse,  thus  giving  rise  to  composite  sponges.  To 
accomplish  this  result  it  is  only  necessary  to  bring  the  larvae 
in  close  contact  at  the  time  when  the  ciliary  action  is  no  lon- 
ger locoiuotary  and  fixation  is  about  to  occur.  The  compos- 
ite masses  representing  (in  the  actual  experiments)  from  two 
to  six  larvae  complete  the  metamorphosis. 
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8.  Wind-polished   pebbles,    and   Palaeolithic   Man,    Collier 

Cobb,  of  the  University  of  North  Carolina. 
The  close  similarity  between  pebbles  faceted  and  polished 
by  the  sand-blast  and  the  implements  of  early  man  was  indi- 
cated, and  the  errors  which  might  result  from  superficial 
observation  were  pointed  out. 

9.  Notes  on   the  Zoology  of    Lake   Ellis,   C.    S.    Brimley, 

Raleigh,  N.  C. 
The  paper  discusses  the  occurrence  of  various  insects  and 
reptiles  taken  by  the  writer  and  others  in  the  vicinity  of  Lake 
Ellis,  Craven  County,  N.  C,  during  June,  1905,  and  May, 
1906.  The  rare  salamander,  Stereochilus  marginatus,  which 
bad  not  been  taken  for  many  years,  was  found  to  be  common, 
and  several  specimens  of  the  frog,  Rana  virgatipes,  were 
taken.  Nine  alligators  were  secured  on  the  two  trips  by  the 
author's  companion,  and  several  rare  snakes.  Five  species 
of  dragon  fly,  new  to  North  Carolina,  were  secured,  and  (in 
June,  1905,)  numerous  specimens  of  the  yellow  fly  (Diach- 
lorus  ferrugatus).  Notes  on  other  members  of  the  Tabani- 
dae  are  also  given. 

10.  Single  Phase  Railway  Work,   J.    E.    Latta,  of  the  Uni- 

versity of  North  Carolina. 

11.  The  Relation  of  the  Cattle-tick  to  Southern  Agriculture, 

Dr.  Tait  Butler,  State  Veterinarian,  Raleigh,  N.  C. 

12.  The  Design   of  High    Masonry  Dams,  William  Cain,  of 

the  University   of  North  Carolina. 

The  method  of  flnding  the  resultaut  of  the  water  pressure 
and  the  weight  of  masonry  pertaining  to  any  horizontal  joint 
of  a  dam  is  given;  also  the  decomposition  of  the  vertical  com- 
ponent of  this  resultant  along  the  joint  according  to  the 
usual  hypothesis.  The  hypothesis  of  the  conservation  of 
plane  sections,  in  the  case  of  a  battered  wall,  is  then  criti- 
cised and  the  resulting  vertical  unit  pressure  at  a  face  of  the 
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wall,  shown  to  be  too  hiffh  and  thereforeon  theside  of  safety. 
But  since  the  pressure  near  a  face,  acts  necessarily  parallel 
to  that  face,  the  vertical  unit  pressure  just  computed,  is  not 
the  whole  pressure. 

The  difficulty  of  computings  exactly  this  whole  pressure  is 
next  entered  into  and  an  upper  limit  found  by  an  approximate 
method  which  ag-ain  g-ives  an  excess  pressure. 

Rankine's  suggestion,  to  use  the  ordinary  formula  for  ver- 
tical unit  pressure,  but  specify  higher  limiting  unit  pressures 
for  the  up-stream  face  than  for  the  down  stream  face  is  adopted 
provisionally. 

The  claim  is  made  that,  in  addition  to  the  three  universally 
imposed  conditions,  no  tension,  safe  unit  pressures  and  no 
possible  sliding  at  any  horizontal  joint — a  fourth  condition 
must  be  imposed,  viz.,  that  the  factors  of  safety  against 
overturning  and  sliding  shall  increase  gradually  from  the 
base  upwards  to  allow  for  the  proportionately  greater  influ- 
ence, on  the  upper  joints  of  wind  and  wave  action,  floating 
ice  or  other  bodies,  and  especially  of  the  great  forces  caused 
by  the  expansion  of  thick  ice  under  an  increase  of  tempera- 
ture and  by  earthquakes. 

It  was  found  that  this  could  easily  be  done  by  taking  the 
well-known  theoretical  triangular  type  of  cross-section  of 
dam  and  making  some  additions  at  the  top  suG^ient  for  a 
roadway. 

A  preliminary  design  is  given  for  a  dam  258  feet  high, 
with  factors  of  safety  and  unit  pressures  marked  on  the  draw- 
ing, satisfying  all  four  conditions.  The  area  of  cross-sec- 
tion and  height  being  the  same  as  for  the  celebrated  Quaker 
bridge  design,  a  comparison  was  instituted,  unfavorable  to 
the  latter,  in  that  its  factors  of  safety  are  too  small,  par- 
ticularly in  the  upper  portions,  where  by  the  proposed  fourth 
condition  they  should  be  largest. 

This  criticism  owes  its  significance  to  the  fact  that  the  new 
Croton  Dam  of  New  York,  224  feet  high  to  water  surface  and 
finished  February  1st,  1906,  at  a  cost  of  over  $7,500,000,  has 
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a  profile  for  224  feet  in  depth,  exactly  the  same  as  the  Qua- 
ker bridg:e  design  for  the  same  depth. 

Engineering  News  for  June  30,  1888,  January  12,  1893,  and 
May  9,  1907,  is  referred  to  for  the  destructive  action  of  ice 
on  ponds,  lakes,  and  rivers,  due  to  the  expansion  from  an 
increase  of  temperature  during  the  day.  At  night,  contrac- 
tion causes  cracks  to  form,  often  several  inches  wide,  which 
are  filled  up  with  new  ice  and  thus  the  effect,  from  day  to 
day  is  cumulative  and  very  destructive  as  far  north  as  Can- 
ada and  in  the  Northern  States.  As  yet,  the  action  of  ice  on 
high  dams  has  not  received  much  attention. 

For  earthquake  action  on  houses,  Milne  is  referred  to;  also 
a  personal  experience  of  the  author  in  Charleston,  S.  C,  is 
recited.  It  was  pointed  out,  however,  that  dams  being  built 
into  the  sides  of  the  valley  at  their  ends,  were  not  so  free  to 
move  at  their  tops  as  houses. 

A  brief  description  and  analysisof  the  failureof  theHabra 
dam  concludes  the  paper. 

13.  Three  Little  Known  Species   of  North   Carolina  Fungi, 

J.  G.  Hall,  of  the  North  Carolina  Experiment  Station. 

14.  A  New  Form  of  Achlya,  W.  C.  Coker,  of  the  University 

of  North  Carolina. 
During  the  fall  of  190f>  an  Achlya  was  found  at  Chapel 
Hill,  N.  C,  which  agrees  with  Achha  racemosa,  var.  stel- 
ligera  Cornu,  in  many  respects,  but  different  from  it  in  having- 
the  autheridum  cut  off  immediately  below  the  oogonium,  and 
the  fertilizing  tube  arising  from  the  division  wall  and  enter- 
ing the  oogonium  from  below,  as  in  Saprolcgnia  hypogyna 
Pringsheim.  Such  an  origin  for  the  fertilizing  tube  is  new 
for  the  genus  Achlya,  and  is  not  known  elsewhere  except  in 
Saprolegnia  hypogyna. 

15.  Notes  uix)n  the  Preparation   of  the  Silicate  Medium  for 

the  Cultivation  of  Bacteria,  J.  C.  Temple,  N.  C.  Agri- 
cultural Experiment  Station. 
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Directions  were  given  for  the  preparation  of  this  medium 
obviating  the  necessity  of  dialtzing,  nnd  making-  it  possible 
to  prepare  this  medium  with  greater  certainty  and  gpreater 
accuracy.  The  use  of  the  medium  prepared  in  this  way  for 
the  culture  of  various  organisms  was  illustrated  by  colonies 
of  various  bacteria  growing  in  a  thriving  condition  upon  the 
medium. 

16.  Breeding  Colonies  of  Birds  (Illustrated  with  Eggs  and 

Stereopticon  views),   T.   Gilbert   Pearson,   of  Greens- 
boro. 

17.  The  Efficiency  of  Soil  Inoculation  in  the  Production  of 

Root  Tubercles,  F.  L.   Stevens,  of  the  North  Carolina 

Agricultural  Experiment  Station. 
Data  was  given  concerning  the  inoculation  of  soils  with 
liquid  cultures  obtained  from  the  Department  of  Agriculture, 
Washington,  D.  C.  From  many  tests  conducted  in  various 
ways  there  was  no  evidence  whatever  that  inoculation  with 
these  cultures  was  efficient  in  the  production  of  tubercles 
upon  the  legumes.  The  cultures  Employed  were  issued  in 
liquid  condition  in  hermetically  sealed  test  tubes,  and  were 
obtained  directly  from  the  Bureau  of  Plant  Industry,  Wash- 
ington, D.  C. 

18.  The  Opportunities  for  Study  and  Research  at  the  Beau- 

fort  Laboraty,    H.  V.  Wilson,   of    the   University   of 
North  Carolina. 

19.  Does  Blood  Tell?    Heredity  According  to  the  Experi- 

ence   of    the   Children's   Home    Society,    William    B. 
Streeter,  of  Greensboro,  N.  C. 

20.  Geology  of  the  Cape  Fear  River,  Joseph  E.  Pogue,  Jr., 

of  the  University  of  North  Carolina. 

21.  The  Relation  of  Sporangium  of  Lygodium  to  the  Evo- 

lution of     the  Polypodiaceae,    Raymond   Binford,  of 
Guilford  College. 
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22.  The  Condensation  of  Alipatic  Aldehydes  with  Aromatic 

Amines,  Alvin  S.  Wheeler,  of  the  North  Carolina  Uni- 
versity. 
The  following:  reaction  takes  place  without  any  dehydrat- 
ing agent:  RCH0+2RNH  =RCH  (RNHl.+  Hp.  In  some 
cases  at  low  temperatures  the  addition  product  is  obtained. 
Condensation  products  of  Chloral  with  the  three  nitranilines, 
p-bromantline,  o-Ioluidine,  anthranilic  acid,  and  o-anisidine 
were  prepared.  By-prodqcts,  as  yet  unidentified,  were 
obtained  with  o-toluidine  and  with  anthranilic  acid.  The 
condensation  products  are  readily  broken  down  by  Hydro- 
chloric acid  and  by  acetic  anhydride.  When  suspended  or 
dissolved  in  the  glacial  acetic  acid  they  react  with  extreme 
smoothness  with  bromine,  forming  beautifully  crystalline 
compounds  which  arc  much  more  stable  than  the  condensation 
products. 

23.  Chapel  Hill  Ferns,  by  W.  C.  Coker,  of  the  University  of 

North  Carolina. 

A  collection  of  the  living  ferns  and  fern  allies  native  to 
Chapel  Hill,  N.  C,  was  made  and  exhibited  in  pots.  Twenty 
species  were  represented,  including  all  the  known  Ptridophytes 
of  the  neighborhood,  except  Botrychium  ternatum  and  its 
variety,  dissectum,  which  had  not  yet  appeared  above 
ground. 

24.  Notes  on  Turtles  of  Genus  Pseudemys,  C.  S.  Brimley,  of 

Raleigh,  N.  C. 

25.  Electricity   in   Heavy   Traction  (Illustrated    by  lantern 

slides),  J.  E.  Latta,  of  the  University  of  North   Caro- 
lina. 

26.  The  Optical  Rotation  of  Volatile  Oil,   C.  H.  Herty  and 

G.  A.  Johnson,  of  the  University  of  North  Carolina. 

27.  Children's  Home  Society  Methods,  William  B.  Streeter, 

of  Greensborcf. 
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28.  Gametophytes  of  Botrychium  Virginianum,  Raymond 
Binford,  of  Guilford  CoIIegfe. 
They  were  found  in  moist  oak  woods  under  the  leaves. 
Some  were  almost  on  the  surface  of  the  soil  while  others 
were  imbedded  one  to  two  inches  in  the  soil.  They  seem  to 
have  g-otten  down  by  means  of  worm  holes  or  cracks  made  by 
roots  of  trees.  Sizes  ran^ing^  from  2  m.  m.  to  10  m.  m.  were 
shown.  Specimens  of  these  plants  were  exhibited  before  the 
Academy. 

A  motion  of  appreciation  of  the  courtesies  extended  to  the 
Academy  by  the  members  at  Chapel  Hill  and  ladies  of  Chapel 
Hill  was  unanimously  carried. 

At  1:30  o'clock  Saturday  the  Academy  adjourned. 

F.  L.  Stevbss,  Secretary. 
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THE    GARDEN,    FIELD,     AND    FOREST    Ot    THE 
NATION. 


BY  COLLIBR   COBB. 
( AddreM  as  President  of  the  North  Oorolf  na  Aoademy  of  Soienoe. ) 


It  has  been  the  boast  of  more  than  one  of  our  politicians 
that  North  Carolina  could  well  be  independent  of  the  rest  of 
the  world,  for  we  migfht  enclose  the  State  with  a  high  wall 
and  get  along  just  as  well,  since  we  produce  within  our 
borders  everything  that  we  need.  This  boast  was  based  on 
the  fact  that  North  Carolina  puts  something  in  every  column 
of  the  blanks  sent  out  by  the  Agricultural  Department  at 
Washington,  that  she  produces  a  little  of  everything;  but  the 
inference  drawn  from  this  fact  is  far  from  being  true. 
Not  a  single  county  in  the  State  produces  food-stuff  sufficient 
to  sustain  its  population.  As  our  towns  and  cities  have 
grown,  the  relative  food  production  has  diminished,  and  in 
most  of  our  counties  this  diminution  in  the  amount  of  food 
produced  has  been  not  only  relative  but  absolute. 

For  the  last  score  of  years  the  population  of  our  towns  and 
villages  has  increased  as  families  have  gone  from  the  farms 
to  the  factories,  often  to  live  off  the  labor  of  the  children,  or 
from  the  rural  districts  to  the  city  in  order  to  give  the  chil- 
dren better  schooling.  The  increase  of  our  population  from 
outside  sources,  too,  has  helped  to  swet]  the  urban  popula- 
tion. But  farm  lands  are  not  increasing,  the  acres  planted 
with  food  stuffs  have  steadily  diminished  in  number,  and 
under  our  old  system  of  cultivation  there  has  been  a  steady 
diminution    in    the    value  of   the   returns   per    acre.     Even 
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Orange  County,  which  ma;  be  reckoned  a  rural  district,, 
does  not  begin  to  make  food  enoug;h  to  maintain  its 
inhabitants  through  the  jear,  and  the  inhabitants  of  our 
adjoining  county  of  Durham  would  starve  in  less  than  a 
fortnight  if  they  had  to  depend  on  the  food  product  of  the 
county  for  support.  When  some  of  us  in  this  hall  came  to 
college  the  village  of  Durham  could  claim  ho  other  distinction 
than  that  of  being  the  railway  station  from  which  students 
drove  to  Chapel  Hill.  Today  it  is  a  city  of  more  than  20,000 
inhabitants,  drawing  its  population  from  all  parts  of  the 
world,  and  dependent  upon  distant  fields  for  its  support. 
And  not  one  of  our  large  cities,  Wilmington,  Charlotte, 
Asheville,  Greensboro,  or  Raleigh,  could  depend  on  its  own 
county,  or  even  upon  the  surplus  of  a  score  of  adjoining  coun- 
ties, for  its  food. 

Notwithstanding  the  several  years  of  unprecedented  crops 
that  we  have  had,  amounting  almost  to  seven  years  of  plenty, 
we  are  practically  face  to  face  with  a  famine.  The  wheat 
landsofourown  Northwest  have  been  practically  exhausted  of 
their  lime,  as  an  acre  of  wheat  will  use  up  ten  pounds  of  Hme 
in  coming  to  maturity;  and  this  loss,  added  to  the  damage 
done  the  soil  by  the  poisons  excreted  by  the  roots  of  the 
wheat,  has  caused  our  farmers  of  the  great  plains  to  seek 
new  fields  in  the  Canadian  West.  Already  the  natural  pas- 
turage of  our  semi-arid  regions  has  been  practically  exhausted, 
and  neither  cattle-raising  nor  sheep-raising  is  profitable, 
where  within  two  decades  vast  fortunes  have  been  made  >in 
these  industries.  Those  of  you  who  paid  your  month's 
butcher's  bills  on  the  first  of  May  were  doubtless  led  by 
their  unusual  size  to  investigate  causes,  and  learned  that  for 
the  first  time  in  the  history  of  the  Chicago  and  Kansas  City 
packing  houses  they  have  not  been  able  to  fill  their  cold 
storage.  The  demand  of  the  country  for  fresh  meat  has 
consumed  tht  entire  output  of  these  houses  during  their  busy 
season.  And  this  state  of  things  has  come  about  after  three 
years  of  abundant  crops,   during  which    time   the    packing 
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houses  have  paid  their  own  prices  for  meat.  Now  let  a 
droug-ht  coine  and  there  is  absolutely  no  escape  from  a  meat 
famine. 

But  what  are  we  goiogf  to  do  about  it  ?  What  is  the  solu- 
tion of  the  problem?  We  are  all  familiar  with  the  fact  that 
in  our  older  States  of  the  South  the  annual  product  per  acre 
has  greatly  decreased,  owing  to  the  rapid  loss  of  soil  fertility, 
.  and  that  even  our  moderate  production  is  maintained  only  at 
increased  cost;  and  also,  that  the  comparatively  new  States 
like  Texas,  as  well,  show  a  rapid  deterioration  of  land  and 
loss  of  fertility.  And  it  may  be  pointed  out  that  our  farmer 
is  of  all  men  most  miserable;  neglected  and  looked  down 
upon;  slave  to  the  credit  system;  servant  where  he  should  be 
master;  poor  and  becoming  poorer;  the  prey  of  sharpers;  the 
disconsolate  follower  of  a  calling  which  he  has  inherited 
with  his  deteriorating  acres,  clinging  to  the  past,  knowing 
DO  higher  law  than  chance,  planting,  rearing,  and  gathering 
his  crop  under  the  leadership  of  luck,  each  succeeding  year 
seeing  his  granary  heaped  fuller  of  disappointments,  leaving 
him  poor  in  purse  and  lean  in  hope.  None  of  us  can  deny 
that  this  is  a  true  picture  of  the  average  farmer  of  our  State 
as  we  have  known  him  from  our  youth  up.  The  politician 
who  has  flattered  him  biennially  that  his  calling,  seen  in  its 
true  perspective,  is  outranked  by  no  other  in  power,  scope, 
or  service  to  mankind,  has  gone  his  way  and  made  laws 
directly  opposed  to  all  the  farmer's  interests. 

Still,  what  are  we  going  to  do  about  it  ?  How  are  we  to 
escape  famine  if  our  present  source  of  supply  should  be 
exhausted  1  What  is  the  solution  of  the  problem  ?  Increase 
the  output  from  the  soil  that  we  have  by  the  application  of 
science — "that  sensible  science  of  our  day  which  has  for  its 
ultimate  aim  not  merely  discovery  but  application;  which  is 
not  so  delighted  by  the  formulating  of  a  new  law  as  it  is 
overjoyed  at  the  lifting  of  a  burden;"  science,  in  which 
laboratory  investigation  goes  hand  in  band  with  field  experi- 
mentation, the  science  of  our  present  time,  which  is  applied 
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common  sense,  combining  laboratory  practice  with  business- 
like methods.  Such  science  our  United  States  Department  of 
Agriculture  is  engaged  in  and  encouraging;  so  also  the 
various  State  agricultural  experiment  stations  and  most  of 
the  agricultural  colleges,  corn  breeders'  associations,  truck 
growers'  associations,  sugar  producers,  tobacco  growers, 
private  investigators  like  Luthi.T  Burbank,  all  laboring  to 
lift  the  burden  from  the  agriculturist,  and  make  him  indeed 
what  the  politician  has  been  flattering  him  that  he  is. 
Greater  progress  has  been  made  in  all  departments  of  life 
dependent  upon  the  soil  in  the  last  score  of  years  than  in  the 
previous  two  score  centuries. 

The  most  important  of  all  this  service  of  science  to  the 
farmer  bas  been  the  study  of  the  soil,  the  fundamental  factor 
in  all  the  varied  lines  of  life  that  branch  out  from  agricul- 
ture. How  to  save  it,  how  to  nourish  it,  how  to  restore  it  to 
life  when  dead,  what  it  is  composed  of,  how  it  is  formed, 
how  to  interpret  it  so  that  any  man  may  understand  it — these 
have  been,  and  still  are  among  the  great  problems  before  us. 
Their  solution  is  being  worked  out  and  already  that  work  has 
revolutionized  agriculture  within  our  own  State  and  is  slowly 
changing  conditions  for  the  better  in  the  entire  South. 

Tobacco  is  grown  in  eastern  North  Carolina  today  because 
a  soil  investigator  found  out  that  the  marls  just  beneath  the 
soil  there  contained  in  available  form  the  lime  that  the 
tobacco  plants  require  for  their  growth,  and  of  course  all  the 
other  essential  minerals  are  there.  Hitherto  tobaccos  had 
been  grown  on  limestone  soils,  or  on  soils  derived  from 
igneous  and  metamorphic  rocks  rich  in  lime-soda  feldspars. 

In  a  similar  manner  it  was  discovered  that  the  sands  of  the 
sand-hills  regions  of  the  Carolinas  contain  both  lime  and 
potash  in  available  form,  whereas  similar  sandy  soils  of 
Western  Europe  are  practically  devoid  of  these  necessary 
plant  foods,  but  this  soil  is  particularly  adapted  to  the 
growth  of  the  vine,  and  in  consequence  an  important  grape 
industry  has  grown  up  in  our  sand-hills  district. 
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Similarly  it  was  found  out  that  certain  incoherent  while 
quartz  sand  in  Florida  was  valuable  pinc-apple  soil,  notwith- 
standing- it  was  over  99.5  pure  quartz,  because  it  possessed 
certain  properties  that  the  bacteriologist  discovered. 

Investigation  showed  that  the  soil  of  the  Connecticut 
Valley,  which  produced  only  low  grade  tobaccos,  sneered  at 
as  Connecticut  cabbage  leaf,  was  essentially  tfae  same  as  that 
which  produced  the  Sumatra  tobacco.  But  it  was  necessary 
to  change  the  climatic  conditions,  and  this  was  done  by  the 
use  of  cheese-cloth,  increasing  the  humidity  and  raising  the 
mean  temperature  ten  degrees  Fahr.  Somewhat  similar 
experiments  have  been  tried  in  Darlington  District,  South 
Carolina,  the  result,  so  far  as  the  production  of  Sumatra 
wrappers  was  concerned,  being  entirely  satisfactory.  And 
such  investigations  and  experiments  have  been  carried  on  all 
the  way  from  Connecticut  to  Alabama  and  Texas  with  the 
result  of  greatly  improving  the  product  and  greatly  increas- 
ing the  output,  producing  in  the  Southern  States  the  cigar 
tobaccos  of  all  lands. 

This  matter  of  the  investigation  of  soils  is  by  no  means 
new,  though  its  methods  and  their  application  to  agriculture 
are  matters  of  little  more  than  a  decade.  Such  investigations 
were  begun  by  Liebig  at  Giessen  more  than  half  a  century 
ago.  He  and  his  assistants  made  countless  analyses  of  the 
ashes  of  plants.  These  showed  the  presence  of  different 
minerals  in  every  species,  that  each  species  requires  from  the 
ground  the  same  class  of  salts,  and  hence  that  it  must  sooner 
or  later  exhaust  the  supply  of  these  salts  in  a  given  plot,  and 
render  it  unfit  for  the  growth  of  the  species  in  question 
unless  fresh  supplies  are  provided. 

"Liebig  attempted  to  give  the  necessary  supplies  in  the 
form  of  'Mineral  Manure',  and  soon  set  to  work  to  study  prac- 
tically the  effect  of  mineral  manures  on  a  large  scale.  In 
the  year  184S,  previous  experiments  in  a  garden  having 
proved  unsatisfactory,  he  purchased  from  the  town  of  Giessen 
atwut  ten  acres  of  barren  land — a  sand  pit,  as  he  says,  which 
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surpassed  all  the  land  in  the  neigbborfaood  in  its  barrenness 
for  ordinary  cultivated  crops;  in  the  year  this  land  hardly 
grew  so  much  fodder  as  would  have  sufficed  for  a  sing:ie 
sheep.  It  consisted  partly  of  sand,  partly  of  coarse  quartz 
and  pebbles,  with  strata  of  sand  and  some  loann. 

"Some  of  the  soil  was  first  tested  by  sowing  it  with  seeds 
in  pots  after  enrichment  with  some  single  mineral  manure, 
with  the  result  that  not  one  of  the  plants  got  beyond  flower- 
ering;  this  showed  that  the*  soil  was  bad  enough  for  his 
purpose  of  testing:  tlie  value  of  minerals  as  manure. 

"A  number  of  mineral  manures  were  then  prepared  for  him 
according  to  prescriptions  based  on  his  analyses,  and  these 
were  spread  over  the  land;  next  he  sowed  on  different  sub- 
divisions of  it  wheat,  rye,  barley,  clover,  potatoes,  turnips, 
maize.  In  some  cases  he  added  sawdnst  to  the  manure,  and 
in  one  case  he  used  stable  manure;  otherwise  no  ammoniacal 
manure  and  no  mineral  matter  was  employed,  except  that  to 
one  plot  he  applied  some  forest  soil  and  to  another  a  mixture 
of  forest  soil  and  mineral  manure.  Even  in  the  first  year  he 
had  a  harvest;  the  best  results  were  given  by  those  plots  in 
which  mineral  manures  were  mixed  with  forest  soil  or  stable 
manure.  This,  as  he  says,  enabled  him  to  correct  his  earlier 
ideas  of  the  functions  of  humus,  which  by  its  decay  renders 
an  extra  supply  of  carbonic  acid  gas  to  the  plants  that  is 
especially  valuable  at  the  early  stages.  Gradually,  without 
any  other  supply  of  manure  except  mineral  manure,  the  land 
so  improved  in  productiveness  that  in  the  fourth  year  his 
crops  excited  the  wonder  of  all  who  had  known  the  original 
state  of  it. 

"In  1849  this  little  farm  was  purchased  by  his  gardener, 
who  was  then  able  to  farm  it  with  profit,  raising  some  cattle 
on  it  yearly  and  getting  such  satisfactory  crops  of  com  that 
in  18S3  a  neighboring  farmer  wrote:  'With  us  the  wheat 
crops  are  very  poor,  but  on  the  height  (Liebig's  plot)  they 
have  harvested  three  fuder  of  rye  twelve  simmer,  while  I 
from  three  fuder  of  the  best  rye,  have  only  got  five  simmer. 
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If  you  were  to  see  it,  you  would  be  astonished;  it  is  truly 
wonderful.'  " 

From  his  experitnents  with  this  land  Ltebig  was  led  to  form 
the  opinion  that  it  was  possible,  by  giving  the  soil  proper 
physical  quality  and  composition,  lo  bring  about  a  state  of 
things  in  which  suE&ctent  ammonia  to  maintain  its  fertility  can 
be  collecteed  or  condensed  from  the  air.  He  recognized  not 
only  that  certain  elements  were  necessary  in  a  fertile  soil, 
but  more — and  what  certain  soil  chemists  have  been  slow  to 
recognize — that  these  elements  must  occur  in  certain  combi- 
nations as  minerals  to  be  available  as  plant-food.  He  found, 
too,  that  certain  earths  and  other  substances  might  be  added 
to  soils,  which  would  withdraw  to  some  extent  soluble  salts 
from  their  solutions,  removing  from  the  soil  substances 
injurious  to  plant  life.  Liebig  was  greatly  interested  in  the 
experiments  made  in  England  by  Sir  Thomas  Way  on  the 
absorptive  power  of  soils,  and  was  the  first  to  recognize  the 
true  value  of  these  experiments  to  agriculture. 

Thus  it  was  that  a  chemist  sixty  years  ago  recognized  that 
the  study  of  soils  was  as  much  the  province  of  the  geologist, 
the  mineralogist,  and  the  physicist,  as  of  the  chemist;  and 
the  work  with  which  he  is  credited  in  Denmark  shows  that 
he  also  regarded  it  as  within  the  province  of  the  botanist. 
So  greatly  did  he  value  the  structural  features  and  mineral 
composition  of  a  soil  as  indicators  of  its  fertility,  that  he  said: 
"In  matters  of  this  kind  the  farmer  must  pursue  his  own 

course he  must  not  put  the  least  faith  in  the 

assertion  of  any  foolish  chemist  who  wants  to  prove  to  him 
analytically  that  his  field  contains  an  inexhaustible  store  of 
this  or  that  nutritive  substance." 

In  other  words,  Liebig  saw  that  it  is  not  so  much  the 
chemical  elements  in  a  soil  as  their  mineral  combination  which 
determines  their  available  plant  food,  and  the  geologists 
have  found  that  very  different  rocks  may  be  made  from  the 
same  molten  magma  under  different  conditions  of  cooling. 
.  And  it  was  Liebig  who  pointed  out  to  the  farmers  that  they 
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might  change  the  fertility  of  their  soil  by  changing  its  texture. 
In  examining  into  the  improved  conditions  of  agriculture  in 
the  dune  districts  of  the  Jutland  Peninsula  a  number  of 
years  ago,  I  found  that  the  fanners  of  that  country  attri- 
buted their  prosperity  wholly  to  the  suggestions  made  to  their 
fathers  and  grandfathers  by  Liebig  who  went  to  Denmark  to 
study  moving  sands;  but  I  have  not  been  able  to  find  that  he 
ever  published  anything  on  the  subject. 

But  the  dream  of  Liebig  is  being  realized,  and  the  study  of 
soils  is  enlisting  the  closest  attention  of  the  chemist,  ihe- 
geologist,  the  mineralogist,  the  bacteriologist,  the  botanist, — 
a  relatively  small  but  powerful  coterie  of  men  who  are  the 
investigators  and  interpreters  of  modern  agriculture.  The 
chemist  has  found  the  essential  plant  foods,  the  geologist  has 
noted  the  natural  distribution  of  vegetation  with  relation  to 
rocks  both  as  to  composition  and  structure,  the  mineralo- 
gist and  geologist  have  studied  the  rock-making  minerals  in 
relation  to  their  available  plant-foods,  the  bacteriologist  has 
shown  us  that  certain  living  organisms  in  the  soil  are  of 
enormous  importance  to  every  man  who  raises  food  for  man 
and  beast,  the  botanist  has  busied  himself  with  breeding 
certain  plants  adapted  to  certain  soils.  "Knowledge  is  now 
no  more  a  fountain  sealed."  The  farmer  of  to-day  may,  nay 
he  must,  come  up  to  his  calling  "as  fully  equipped  for  service 
as  the  lawyer,  the  editor,  the  doctor,  the  captain  of  industry; 
for  the  curious  fact  has  developed  that  the  calling  in  which 
the  unlettered  and  untrained  man  was  once  supposed  to  have 
as  good  a  chance  as  the  educated  one,  is  now  the  calling  in 
which  wide  and  varied  knowledge  is  almost  as  imperative  as 
in  almost  any  other  known  among  men." 

Of  the  more  than  seventy  elements  that  make  up  the  crust 
of  the  earth  only  about  a  dozen  are  essential  to  successful 
agriculture  and  practically  all  soils  contain  these  in  one 
form  or  another.  Only  four  of  the  twelve — nitrogen,  phos- 
phorus, potassium,  and  calcium — are  liable  to  be  lacking  in 
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any  ^ivea  soil.  But  when  any  one  of  these  four  is  wanting 
dire  results  follow. 

The  results  that  may  be  obtained,  even  where  alt  these 
elements  are  present  in  proper  proportion,  depend  upon  the 
size  of  the  soil  particles,  upon  the  number  of  grains  of  soil  in 
the  little  measure  of  a  gram;  for  the  freedom  with  which  the 
film  of  soil  moisture  moves  over  the  soil  grains  determines 
the  amount  of  plant  food  taken  out  of  the  soil.  If  the  farmer 
is  a  raiser  of  truck  for  the  early  market,  the  soil  for  his 
lettuce,  peas,  beans,  onions  and  radishes  must  be  of  a  certain 
well-defined  structure — it  must  have  at  least  one  billion, 
nine  hundred  and  fifty  millions  of  particles  in  a  gram,  in  less 
than  a  thimbleful  of  earth.  If  he  is  going  in  for  ordinary 
summer  and  autumn  vegetables,  corn  and  cabbage  and  potatoes, 
then  there  must  be  at  least  two  billion  additional  particles  in 
each  gram  of  soil.  If  he  is  a  wheat  planter  be  must  be  sure 
that  there  are  not  less  than  ten  billion,  two  hundred  millions 
of  particles  in  his  little  thimbleful  of  soil;  while  for  wheat 
and  grass  land  combined  the  soil  must  be  in  finer  particles 
still. 

While  it  has  been  known  for  at  least  two  centuries  that 
bacteria  exist  in  the  soil,  it  is  only  recently  that  they  have  been 
studied  with  any  degree  of  satisfaction.  They  exist  every- 
where in  earth  and  air  and  sea.  They  were  believed  at  one 
time  to  have  animal  life,  but  they  are  now  almost  universally 
accepted  as  low  forms  of  vegetable  life.  Over  a  thousand 
different  kinds  are  now  known,  and  the  list  is  being  steadily 
added  to  as  knowledge  of  them  increases.  They  increase  by 
dividing  themselves  in  two,  and  this  they  do  at  a  marvelous 
rate  of  progression.  One  of  them,  according  to  a  bacteriolo- 
gist who  has  studied  it  closely,  would,  if  left  to  itself, 
produce  seventeen  million  descendants  in  twenty-four  hours. 
Another  scientist  calculates  that  another  particularly  rapid 
multiplier  could  produce,  if  it  had  penty  of  food,  four 
thousand  seven  hundred  and  seventy-two  billion  progeny  in  a 
single  day.    They  differ  from  plants  wbich  we  see  growing 
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about  us  in  that  the;  have  no  cblorophyl — the  material 
which  gives  the  green  color  to  the  plants. 

In  a  Kansas  soil  it  was  found  that  there  were  as  man;  as 
one  billion,  six  hundred  and  eighteen  million,  six  hundred  and 
•  eigfhty-one  thousand,  eig-ht  hundred  and  ten  bacteria  in  a 
single  gfiam  or  small  thimbleful  from  a  field  under  examina- 
tion, while  another  field  nearby  had  only  a  few  over  a 
million.  As  air  is  necessary  for  their  existence,  they  rapidly 
decline  in  numbers  as  you  go  ,down  in  the  soil  to  a  point 
where  none  is  ever  found. 

Many  different  families  of  these  bacteria  live  in  the  earth, 
making  their  homes  in  the  soil.  They  help  to  decompose  it, 
thus  transforming  it  into  food.  They  draw  vast  stores  of 
food  supplies  from  the  air.  At  every  point  they  act  as 
agents  in  advancing  the  interest  of  man. 

Four-fifths  of  the  air  we  breathe  is  one  of  the  most  valuable 
plant  foods,  nitrogen.  Some  of  this  nitrogen  is  available  in 
one  form  and  some  in  another,  but  it  must  all  be  put  into 
such  form  that  it  may  pass  into  the  system  of  the  plant  and 
be  utilized  in  the  building  up  of  stalk  and  leaf  and  ripened 
seed. 

In  portions  of  North  Carolina  I  have  seen  a  field  worn  out 
by  injudicious  cropping,  the  plants  struggling  to  grow  in  a 
depleted  soil  into  what  would  be  at  best  but  a  lean  and 
starved  maturity.  In  an  immediatly  adjoining  field,  with  a 
soil  of  precisely  the  same  character,  with  no  advantage  in 
point  of  moisture,  heat,  or  sunshine,  with  precisely  the  same 
kind  of  seed  planted  as  in  the  'first  case,  were  tall,  strong, 
and  thrifty  plants,  neighbors  to  the  thin,  yellow,  beggarly 
ones  of  the  first  field. 

The  only  difference  between  the  two  was  that  when  the 
seed  were  planted  there  was  sprinkled  in  the  rows  of  one 
field  some  plain  simple  dirt  brought  from  another  State,  and 
the  field  that  had  this  dirt  sprinkled  in  its  rows  was  the  field 
with  the  strong  and  vigorous  plants.  What  wrought  the 
wonderful  change  was  a  colony  of  nitrifying  bacteria,  living, 
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moTin^  things  that  helped  the  crops  to  get  their  nitrogen 
from  the  atmosphere.  Long  ago  it  was  discovered  that  cer- 
tain plants,  as  the  beans,  clovers,  peas,  vetch,  alfalfa,  and 
the  like,  form  upon  their  roots  little  bunches  of  tubercules,  as 
the;  are  called.  When  science  sought  out  the  meaning  of 
these  tubercules,  whj  they  formed  on  these  particular  plants, 
what  purpose  they  served,  it  was  seen  that  they  were  not 
abnormal,  but  necessary,  and  that  plants  that  had  them 
were  more  thrifty  than  those  that  had  them  not.  It  was  dis- 
covered that  their  task  was  to  take  nitrogen  from  the  air  and 
transform  it  into  aitrt^ren  suitable  to  be  taken  up  by  the 
plant. 

Having  learned,  then,  the  soil  conditions  necessary  for 
plant  growth,  the  next  thing  is  to  apply  them. 

Residual  soils,  those  found  upon  the  rocks  from  which  they 
are  derived,  have  certain  definite  characters  determined  by 
the  characters  of  the  rocks  beneath,  and  they  are  not  apt  to 
deteriorate,  since  their  source  of  foodrsupply  is  immediatety 
at  hand,  unless  the  fine  particles  are  carried  away  by  erosion 
faster  than  the  rock  beneath  can  rot  into  soil.  Transported 
soils,  on  the  other  hand,  are  very  readily  exhausted,  since 
they  are  far  removed  from  the  parent  rock,  and  they  need  to 
have  their  supply  of  plant-food  constantly  replenished  by  the 
use  of  fertilizers.  One  way  of  keeping  up  the  fertility  of  the 
soil  is  by  rotation  of  crops  requiring  different  plant-foods. 
The  best  way  to  farm  is  to  plant  in  each  field  the  crop  to 
which  the  soil  of  that  field  is  by  nature  best  adapted. 

But  we  often  desire,  or  actually  need,  crops  to  which  the 
soil  of  a  given  district  is  ill-adapted.  Since  we  cannot 
change  the  soil  materially,  the  difficulty  is  met  by  breeding 
plants  to  suit  the  soil,  and  what  has  been  accomplished  in 
this  direction  is  little  short  of  miraculous. 

The  wasting  of  soils  where  serials  are  grown,  and  the 
gradual  reduction,  year  by  year,  in  the  yield  of  these  crops, 
has  led  more  than  one  thoughtful  student  of  human  condi- 
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tions  to  predict  a  time,  and  that  not  very  far  distant,  when 
there  will  not  be  bread  enough  to  go  around. 
While  enough  has  been  done  in  the  restoration  of  worn  out  soils 
to  show  that  the  time  is  farther  away  than  was  at  first  feared, 
much  more  has  been  done  in  the  breeding  of  new  varieties 
of  wheat  and  corn  to  take  the  place  of  the  old  and  unsatisfac- 
tory ones.  New  wheats  have  been  created  not  only  showing 
larger  yields  and  as  great  nutrition  in  experimental  plots,  but 
in  the  thousand-acre  farm  of  the  advanced  American  Agri- 
culturist as  well.  More  than  this,  wheats  have  been  bred  to 
fit  a  climate,  redeeming  vast  areas  of  abandoned  land  sup- 
posed to  be  wholly  unfit  for  wheat  production. 

New  corns  have  been  created,  far  richer  in  food  values,  far 
larger  in  yield,  than  the  l>est  known  types  of  the  past.  More 
than  this,  corns  have  been  created  at  the  command  of  man 
for  any  one  of  a  series  of  specific  purposes — to  be  rich  in  one 
element  and  lean  in  another,  to  be  food  for  man  or  food  for 
beast.  They  are,  in  a  word,  as  much  the  creation  of  man  as 
the  beautiful  vase  in  the  bands  of  the  potter. 

The  experiment  station  of  the  University  of  Tennessee 
determined  to  breed  a  wheat  that  should  fit  the  soil  and  cli- 
mate of  that  State,  where  no  wheat  would  grow  and  produce 
good  results.  When  the  experiments  were  t)egiin,  eight 
bushels  to  the  acre  was  a  fair  average  yield.  After  several 
years  of  testing,  breeding,  and  selection,  tbey  have  produced 
a  wheat  that  has  produced  as  high  as  forty-eight  and  one-half 
bushels  per  acre  on  the  same  land,  while  maintaining  an 
average  of  over  thirty-seven  bushels  for  a  period  of  four  or 
five  years.  And  we  in  North  Carolina  have  reaped  the  bene- 
fits of  this  and  similar  experiments  elsewhere  in  the  extension 
of  wheat  producing  area  to  the  poorer  lands  of  the  eastern 
part  of  the  State. 

When  we  consider  corn,  the  greatest  cereal  in  point  of  value 
of  annual  production  in  the  United  States,  the  results  achieved 
are  even  more  satisfactory.  The  object  sought  in  breeding 
new  corns  was  not  only  to  produce  com  with  a  heavier  yield, 
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but  to  change  tbe  character  of  tfae  corn  itself.  Com  for 
human  food  should  be  rich  in  one  element.  Corn  for  manu- 
facturing' into  any  of  the  various  products  which  are  now 
made  from  it  should  be  rich  in  certain  other  elements. 

So  the  com  kernel  was  studied  in  order  to  find  out  precisely 
what  it  was  made  of,  that  by  selective  breeding  this  might 
be  changed.  By  taking  kernels  from  a  series  of  ears  known 
to  be  rich  in  one  particular  element,  and  breeding  from  these 
ears  year  in  and  year  out,  carefully  selecting  for  future  seed 
only  the  richest  and  best  kernels  and  only  those  approaching 
the  ideal  established,  little  by  little,  with  infinite  pains  and 
patience,  new  corns  have  been  built  up  having  the  desired 
character  and  composition. 

A  manufacturer  desires  corn  for  the  production  of  oil,  now 
one  of  the  most  valuable  products  of  the  com  plant.  It  is  in 
large  demand  among  the  olive-oil  manufacturers  of  Europe. 
The  oil  comes  from  the  fat  in  tfae  tiny  germ  of  the  com,  and 
the  larger  the  germ  the  greater  the  supply  of  oil.  Corn-oil 
is  in  demand  for  many  other  purposes,  and  it  appears  to  be 
but  at  the  beginning  of  its  commercial  life.  Hopkins  in  Illi- 
ttois  has  succeeded  in  producing  a  corn  relatively  much  richer 
in  oil  than  any  that  has  preceded  it,  one  having  6.96  per 
cent,  oil  while  the  com  with  which  he  started  only  six  years 
before  contained  only  4.7  per  cent,  of  oil.  To  some  manu- 
facturers the  fat  of  the  germ  is  not  essential,  so,  to  accom- 
modate these,  he  reversed  the  process  and  bred  a  corn  low  in 
fat  or  oil,  reaching  2.99  per  cent. 

The  element  of  the  corn  which  is  moat  valuable  for  strength- 
ening food,  which  is  the  muscle-building  material  of  all  food, 
has  also  been  increased  at  will,  and  where  it  could  make  way 
for  some  other  element  suitable  for  some  other  purpose,  it 
has  been  decreased.  All  this  has  been  accomplished  by 
selective  breeding.  Corn  has  been  produced  having  16.11  pro- 
tein, a  remarkably  large  amount,  while  the  protein  has  been 
reduced  to  6.66  per  cent.,  a  difference  in  protein  of  nearly  tea 
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per  cent.    Cora  is  also  bred  for  a  lar^e  amount  of  starch, 
and  similarly  useful  results  follow. 

The  breeding  of  com  has  gone  to  yet  another  extreme,  the 
breeder  having  succeeded  in  doing  awa;  almost  entirely  with 
the  grain  and  producing  a  large,  firm  cob.  These  cobs,  that 
are  produced  on  some  of  the  poorest  land  in  Missouri,  are 
used  for  makinfi^  the  corn-cob  pipe,  and  the  introduction  of 
the  Collier  com  into  that  district  has  been  a  Godsend  to  the 
poorest  farmers  with  the  poorest  lands  in  the  State.  A  very 
similar  result  has  recently  been  obtained  in  Illinois,  where  a 
large  firm  cob  with  an  insignificant  grain  has  been  produced 
on  a  soil  of  nearly  pure  siliceous  sand.  It  has  been  found 
that  the  pith  of  the  com  cob  is  a  most  valuable  substance  for 
calking  ships  and  stopping  leaks,  the  pith  absorbing  water 
and  swelling  to  fill  the  crevice,  and  corns  have  been  produced 
with  a  maximum  of  pith  in  the  cob. 

The  com  of  our  mountain  districts  is  rich  in  fat,  and  there 
too  is  the  only  portion  of  the  South  where  we  may  raise  sugar 
com  with  success.  The  longer  season  in  the  lowlands  admits 
of  the  elaboration  of  the  fats  into  proteids.  It  is  interesting 
to  note  in  this  connection  that  the  com  of  our  moufatains  and 
thecomof  thenortharerichin  heat  producing  elements,  while 
these  are  almost  entirely  wanting  in  Southern  varieties  of  corn, 
the  long  growing  season  admitting  of  the  change  of  the  sugars 
and  fats  into  proteids.  We  cannot  even  raise  sugar  corn  in  our 
coastal  plain  from  the  seed  of  sugar  com  grown  there,  but 
must  get  our  seed  each  season  from  a  colder  region.  The 
same  is  true  with  regard  to  the  seeds  of  cabbage  grown  in 
the  South  except  in  the  mountain  region. 

The  changes  in  the  character  of  com  are  in  no  small  meas- 
ure the  work  of  members  of  the  corn-breeders'  association, 
and  show  what  may  be  accomplished  through  co-operation 
among  farmers.  This  association  has  been  working  to  make 
corn  a  complete  ration.  Here  in  the  South,  Williamson  has 
greatly  improved  corn  both  as  to  quality  and  yield  per  acre, 
by  a  method  peculiarly  his  own.      The  seed  has  been  planted 
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and  allowed  to  grow  with  grass  and  weeds  until  the  plant 
has  reached  a  weak  maturity  and  is  just  ready  to  bear  grain. 
Then  the  grass  is  cleared  out,  the  corn  well  worked  and 
heavily  fertilized,  when  its  stimulated  growing  energy  goes 
all  to  fruiting.  It  has  its  parallel  in  the  intellectual  activity 
of  the  boy  who  comes  from  the  back  districts  where  he  had 
no  advantages  of  an  intellectual  sort,  l>ut  his  energies  being 
aroused  at  the  right  moment,  often  surpasses  his  more  fortu- 
nate associates  in  his  college  course  and  in  the  race  of  life. 

Some  of  the  most  interesting  experiments  in  plant-breed- 
ing have  resulted  in  the  production  of  food  stuffs  adapted  to 
semi-arid  regions,  and  these  are  of  especial  interest  to  us  for 
the  reason  that  we  have  a  long  strip  of  semi-arid  land  in  the 
South,  lying  mainly  in  the  sand-hills  region  and  immediately 
bordering  that  region  on  the  northwest,  little  more  than  a 
barren  sand-waste  until  the  introduction  of  new  methods  and 
new  plants  suited  to  its  conditions. 

Alfalfa  has  been  bred  to  resist  both  drought  and  alkali,  and 
it  has  also  been  found  in  nature.  Agents  of  our  Agricultu- 
ral Department  searched  the  earth  for  what  was  needed,  and 
found  just  the  thing  desired  growing  in  an  oasis  of  the  Alge- 
rian Sahara.  Luther  Burbank  has  bred  a  spineless  and  edi- 
ble cactus  admirably  adapted  by  nature  to  such  regions,  and 
this  may  yet  become  an  important  food  plant  in  certain  por- 
tions of  the  South. 

Rice  forms  the  principal  food  of  one-half  the  population  of 
the  earth.  It  is  more  widely  used  as  a  food  stuff  than  any 
other  cereal.  Where  dense  populations  are  dependent  for 
food  upon  an  annual  crop,  and  the  climate  admits  of  its  cul- 
tivation, rice  has  become  the  staple  food.  The  luxuriant 
growth  of  leguminous  plants  (peas,  beans,  etc.)  in  warm 
climates  provides  the  nitrogenous  elements  necessary  to  sup- 
plement rice.  A  combination  of  rice  with  legumes  is  a  much 
cheaper  complete  food  than  wheat  and  meat,  and  can  be  pro- 
duced on  a  much  smaller  area. 

The  Carolinas  in  the  decade  ending  1860  produced  approxi* 
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mately  eighty-five  million  pounds  of  clean  rice.  Now  the 
total  product  for  a  like  period  is  only  about  thirty-five  mil- 
lion pounds,  of  which  North  Carolina  only  produced  about 
seven  million.  But  the  total  rice  product  of  the  entire  South 
has  advanced  from  103  millions  to  143  millions  in  the  same 
time,  thanks  to  the  valuable  investigations  of  and  improved 
methods  introduced  by  Dr.  S.  A.  Knapp,  of  the  United  States 
Department  of  Agriculture. 

Horticulture  is  comipg  to  l>e  a  most  important  branch  of 
agriculture,  and  its  surprising  progress  has  already  been  so 
fully  discussed  in  our  newspapers  and  periodical  literature  that 
I  need  do  tittle  more  than  advert  to  it  here.  Suffice  it  to  say 
that  in  1870  the  export  of  fruits  preserved  in  cans  or  other- 
wise from  the  United  States  to  foreign  countries  amounted  in 
value  to  $81,735.00.  Ten  years  later  the  value  of  the  canned 
fruits  exported  bad  advanced  to  $371,118.50.  In  1890  it  was 
over  $600,000.00,  and  in  1900  had  passed  two  millions.  This 
does  not  give  us  any  indication  of  the  enormously  increasing 
domestic  consumption  of  fruits. 

It  is  an  interesting  fact  that  the  traveler  of  to-day  does  not 
find  his  way  across  the  desert  by  the  bones  of  men  and  tieasts 
that  have  started  on  the  perilous  journey  before  him,  but  by 
the  shining  tin  cans  left  by  those  who  have  made  the  jour- 
ney in  safety. 

This  progress  in  fruit  growing  has  been  made  possible  by 
the  breeding  of  fruits  to  suit  different  climates,  and  by  the 
importation  of  insects  to  prey  upon  the  insect  enemies  of 
fruit  trees. 

Already  our  trucking  interests  have  made  the  South  the 
garden  of  the  nation,  for  we  have  here  the  broad  coastal 
plain  soils  that  yield  readily  to  cultivation;  but  business 
methods  have  gone  hand  in  band  with  the  application  of 
scientific  methods  and  are  always  equally  important  to  the 
agriculturist.  The  managers  of  the  truck-growers'  associa- 
tion see  to  it  that  the  crops  come  on  in  regular  rotation  from 
Florida,   Georgia,  the  Caroltnas,    Virginia,   and    Delaware. 
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The  Strawberry  Trust  at  Selma,  a  North  Carolina  organiza- 
tion, has  an  agent  who  gets  each  night  reports  from  all  the 
strawberry  eating  cities  as  to  the  number  of  crates  of  berries 
on  hand,  and  he  then  learns  from  the  fields  how  man;  they 
can  supply,  and  an  effort  is  made  to  keep  the  shipments  just 
a  little  short  of  the  demand.  Then  by  uniting  their  ship- 
ments and  sending  them  forward  in  carload  lots,  the  shippers 
get  a  better  rate  and  quicker  transportation. 

Notwithstanding  the  South  produces  so  much  rice,  and 
the  entire  product  of  the  country,  still  we  produce  only  half 
of  what  is  consumed  in  the  United  States;  but  with  the  im- 
proved methods  of  cultivation,  it  will  be  but  a  short  time 
before  we  produce  enough  for  the  entire  nation. 

Of  com  we  can  produce  every  variety  from  our  coastal 
plain  to  our  mountains,  and  corn  culture  is  extending  about 
as  rapidly  as  the  culture  of  rice.  The  culture  of  wheat  is 
extending  as  new  varieties  are  being  bred  for  our  lands,  and 
wheat  culture  is  extending  into  regions  where  wheat  has 
never  before  been  raised.  New  varieties  of  potatoes  have  been 
produced  in  our  potash  soils,  and  already  the  best  of  these  are 
gfTOwn  in  the  South,  and  the  rapid  extension  of  their  c:ulture 
will  soon  make  us  the  most  important  potato  producers  in  the 
country. 

Of  cotton,  we  have  not  simply  the  monopoly  of  this  coun- 
try, but  practically  the  world's  monopoly  as  well.  Szpert- 
ments  carried  on  at  Darlington,  S.  C,  have  resulted  in  the 
production  of  a  long-stapled  cotton  that  will  grow  far  from 
the  sea  islands.  And  the  new  methods  ot  tobacco  culture 
are  showing  us  that  we  can  produce  all  the  grades  of  tobacco, 
and  these  in  any  quantity. 

Thus  we  already  have  the  garden  of  the  nation;  we  may 
become,  nay,  are  rapidly  becoming  the  nation's  field  for  the 
production  of  food  stuffs;  and  whether  we  will  or  no,  we  will 
soon  be  the  only  forest  that  the  nation  has  left,  except  in  the 
national  forests  scattered  over  our  broad  domain. 

Forest  trees  depend  more  directly  upon  rock  composition 
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and  gfeological  structure  than  any  other  products  of  the  soil. 
This  is  beautifully  illustrated  in  our  Stale  where  conifers 
predominate  over  the  coastal  plain  and  sand  hills  region, 
and  the  broad-Ieaved  deciduous  trees  over  the  granitic  and 
schistose  ro(5ks  farther  west.  Within  these  areas  species  and 
varieties  vary  with  the  changes  in  character  of  the  rock 
and  the  change  of  its  dip  helping  or  hindering  drainage. 
-  This  is  beautifully  illustrated  in  the  neighborhood  of  Chapel 
Hill,  where  our  Triassic  sandstones  bear  the  loblolly  pines, 
except  where  the  rocks  are  cut  by  dikes,  and  then  you  may 
trace  the  dike  by  the  broad-leaved  trees  that  grow  upon  it. 
The  crystallines  of  the  Chapel  Hill  mass  have  their  charac- 
teristic diciduous  species,  and  these  again  vary  as  the  rock 
structure  changes. 

We  have  in  the  Appalachianspracticallytheonly hard  wood 
forests  on  the  continent,  and  many  of  the  most  valuable  spe- 
cies are  confined  to  the  Southern  Appalachian  mountains.  In 
the  north  these  forests  have  been  ruined  by  the  destructive 
work  of  the  lumberman,  before  the  introduction  of  the 
methods  of  modern  scientific  forestry;  but  here  we  already 
have  the  forest  of  the  nation  if  we  will  but  preserve  it,  and 
upon  its  preservation  depend  the  field  and  the  garden. 

Our  fathers  had  a  true  instinct  when  they  pictured  a  great 
civilization  in  the  South  based  upon  the  soil.  Their  vision 
is  to  be  more  than  fulfilled  when  Southern  agriculture  can 
bring  to  its  aid  science,  that  sensible  science  of  our  day, 
which  has  for  its  ultimate  end  not  merely  discovery,  but 
application;  which  is  not  so  delighted  with  the  formulating 
of  a  new  law  as  it  is  overjoyed  at  the  lifting  of  a  burden. 
"Then  the  tiller  of  the  soil  will  come  up  to  his  calling  as 
fully  equipped  for  service  as  the  lawyer,"  the  doctor,  the  cap- 
tain of  industry;  for  it  has  come  to  pass  that  the  calling  in 
which  the  unlettered  and  untrained  man  was  once  supposed 
to  have  as  good  a  chance  as  the  educated  one,  is  now  the  call* 
ing  in  which  wide  and  varied  knowledge  is  as  imperative  as 
in  almost  any  other  known  among  men." 
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Men  have  also  come  to  the  same  views  as  those  expressed 
bj  the  King  of  Brobdingnag,  who  "gave  it  as  his  opinion, 
that  whoever  could  make  two  ears  of  corn,  or  two  blades  of 
grass  to  grow  upon  a  spot  of  ground  where  onlj  ope  grew 
before,  would  deserve  better  of  mankind,  and  do  more  essen- 
tial service  to  his  country,  than  the  whole  race  of  politicians 
put  together." 

And  better  still:  While  the  politician  of  the  not  very 
remote  past  flattered  the  farmer  and  yet  made  laws  directly 
opposed  to  all  his  interests,  the  new  politician  in  the  South 
shows  constructive  statesmanship  by  helping  him  to  take 
advantage  of  the  opportunities  around  him,  helps  him  with 
his  inland  waterways,  helps  him  to  preserve  his  forests. 
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SOME  INTERESTING  GRASSHOPPERS  (AND  RELA- 
TIVES) OF  NORTH  CAROLINA. 


BV   FRANKLIN  SHERMAN,   JR. 


The  grasshoppers  and  their  relatives  comprise  the  order  of 
insects  known  as  the  Orthoptera.  The  entire  order  contains 
probably  about  150  species  native  to  North  Carolina,  of  which 
about  130  have  now   been   collected,  identified,  and  recorded. 

There  are  not  many  students  of  Orthoptera  in  this  country 
and  what  few  entomologists  there  are  in  the  Southern  States 
have  neglected  the  group  entirely,  hence  practically  nothing 
was  known  of  the  actual  distribution  of  our  species  until 
1903,  when  Prof.  A.  P.  Morse,  of  Wellesley  College,  made  a 
special  tour  through  the  Southern  States  to  study  this  subject, 
and,  partially  through  the  entreaties  of  Mr.  C.  S.  Brimley 
and  the  author,  he  devoted  more  time  to  North  Carolina  than 
to  any  other  State, — traversing  it  from  east  to  west  and  then 
again  visiting  the  high  ranges  in  the  western  section.  During 
his  tour,  Prof.  Morse  spent  two  days  at  Raleigh,  at  which 
time  Mr.  Brimley  and  the  author  accompanied  bim  in  collect- 
ing jaunts  with  the  result  that  our  latent  interest  in  this  neg- 
lected order  was  considerably  aroused.  The  facts  set  forth 
in  this  paper  have,  therefore,  for  the  most  part,  been  collected 
in  the  last  three  or  four  years,  by  C.  S.  Brimley,  G.  M.  Bent- 
ley,  and  the  writer. 

While  no  one  can  seriously  study  this  order  of  insects 
without  becoming  interested  in  the  special  structures  and  their 
use  in  classification,  as  well  as  in  the  habits  of  the  living 
insects, — yet  there  are  about  a  dozen  species  which  would 
more  particularly  arouse  the  interest  or  curiosity  of  the  ordin- 
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ary  observer,  aad  to  mention  these  is  the  special  object  of  this 
paper. 

Labidura  riparia.  This  insect  belongs  to  the  family  of 
insects  known  as  the  "Ear-wigs".  The  group  is  abundantly 
represented  in  Europe,  but  only  sparsely  in  America,  the  few 
American  representatives,  however,  being  more  especially 
distributed  in  the  Southern  States.  Most  of  our  ear-wigs 
are  of  small  size,  ranging  from  one-half  to  three-fourths  of 
an  inch  tn  total  length.  In  mid-April  of  the  present  year  a 
janitor  brought  to  the  office  a  living  specimen  of  this  species, 
a  fine  large  male,  the  first  to  be  taken  in  the  State. 

Cryptocercus  ptmctulatus.  This  insect  belongs  to  the  fam- 
ily of  roaches,  a  few  species  of  which  infest  houses,  thong^h 
more  are  found  in  the  forest.  The  present  species  has  been 
taken  in  four  localities  in  this  State,  three  of  which  are  in 
the  mountains,  the  exceptional  locality  being  Newton.  It  is 
rather  a  large  species,  is  entirely  wingless,  and  is  rather  slow 
and  stiff-bodied  in  movement,  in  which  respect  it  differs  from 
most  other  roaches.  Our  specimens  have  all  been  found  under 
logs,  in  the  months  of  July,  August,  and  September. 

Stagotnantis  Carolina.  This  creature  is  most  commoaly 
known  by  the  names  of  "Rear-horse",  "Devil's  Riding-horse", 
"Praying  Mantis",  and  other  expressive  common  names.  It 
often  arouses  curiosity  by  its  peculiar  appearance  aad 
demeanor.  It  probably  occurs  throughout  the  State,  at  least 
east  of  the  mountains,  though  we  have  had  specimens  from 
only  a  few  localities.  It  is  the  only  member  of  the  Orthop- 
tera  in  the  State  which  is  known  to  t>e  predaceous  in  habit. 

Diapheromera  femorata.  This  insect  ts  also  known  by  the 
name  of  "Walking-stick",  so  called  because  its  very  slender 
body  gives  it  a  resemblance  to  small  twigs,  and  because  the 
insect  always  deliverately  wfl/is,  and  never  runs  or  jumps.  All 
through  the  summer  the  young  insects  are  greenish  in  color, 
corresponding  to  the  color  of  young  twigs  and  the  petioles  of 
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leaves  among  which  they  live,  but  in  the  autumn  when  the 
leaves  fall  and  the  twigs  become  gray  or  brown,  these  insects, 
being  then  near  maturity,  turn  gray  in  color.  These  remark- 
able  resemblances,  combined  with  their  deliberate  movements, 
render  them  quite  difficult  to  detect,  unless  they  force  them- 
selves accidentally  upon  one's  notice. 

Eritettix  navicula.  This  is  one  of  the  true  grasshoppers, 
which  so  far  as  has  been  observed  inhabits  rather  low,  grassy 
grounds.  It  is  an  exception  in  that  it  is  the  only  species 
which  has  the  antennael  enlarged  into  a  knob  or  club,  at  the 
tip. 

Trimerotropis  saxitalis.  This  very  remarkable  grasshopper 
is  an  inhabitant  of  the  exposed,  lichen-covered  surface  of  the 
rocks  on  some  of  our  mountains.  In  his  trip  through  the 
Southeastern  States  Prof.  Morse  failed  to  take  it  in  this  State, 
but  recorded  its  presence  on  the  summit  of  Stone  Mountain, 
in  Northern  Georgia.  In  September  last  (1906)  Mr.  Woglum 
and  myself  took  it  quite  commonly  in  favorable  spots  on  the 
summits  of  Satula  and  Whiteside  Mountains,  near  Highlands, 
Macon  County.  The  species  bears  a  remarkable  resemblance 
to  the  lichen-covered  rocks  on  which  it  is  found,  and  when 
flushed  will  invariably  settle  again  on  the  rock,  it  being  only 
in  most  exceptional  cases  that  they  could  be  persuaded  or 
forced  to  alight  in  grass  or  herbage.  When  cornered  they 
would  quickly  fly  back  within  a  foot  or  two  of  the  collector 
to  again  reach  the  rock,  although  the  species  is  quite  shy 
when  once  disturl>ed. 

Leptysma  marginicoUh.  This  species  is  found  in  grassy 
places  where  it  clings  to  the  upright  stalks  or  blades,  so 
closely  applying  its  body  to  the  grass  as  to  render  detection 
difficult,  both  the  shape  and  color  of  the  insect  being  protect- 
ive. One  remarkable  feature  of  this  insect  is  the  fact  that 
the  front  of  the  head  (or  face)  slopes  away  under  the  tiody  in 
such  degree  that  the  mouth  is  situated  almost  between  the 
front  leg^. 
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Melanoplus  punctulalus.  The  g^etius  Melanopsus  contains 
many  species,  the  majority  of  which  are  not  especially  strik- 
ing: in  appearance  or  habits,  but  this  species  is  an  exception 
in  that,  while  all  the  other  species  habitually  live  on  the 
ground  or  on  low-growing  grass  or  herbage,  this  one  is  con- 
sidered to  be  strictly  arboreal,  occurring  on  trees,  stumps, 
shrubbery,  etc.  Our  one  specimen  of  this  species  was  taken 
in  Transylvania  County  by  Mr.  Woglum,  and  is  mottled  in 
appearance,  which  renders  its  color  protective  when  on 
lichen-covered  bark.  It  is  likely  that  the  species  does  not 
occur  east  of  the  mountains  in  this  State. 

Dissoteiria  Carolina.  This  is  one  of  our  most  common 
grasshoppers,  and  in  nature  (if  not  in  the  cabinet)  is  surely 
familiar  to  most  observant  country  people  in  this  State. 
Among  those  who  have  any  common  name  for  it,  it  is  known 
as  the  Carolina  Locust.  It  occurs  throughout  the  State  along 
roadsides  and  in  cultivated  fields.  The  remarkable  thing 
about  this  species  is  the  variability  of  its  protective  colors. 
In  sections  where  the  soil  is  grayish  in  color  there  the  insect 
is  grayish,  while  only  a  mile  away  may  be  found  red  clay  soil 
and  grasshoppers  of  a  decidedly  reddish  tinge.  Not  that  the 
resemblance  is  perfect,  but  the  difference  in  color  of  speci- 
mens taken  on  dififerently  colored  soils  is  quite  noticeable. 
On  one  occasion  in  Raleigh  I  took  a  specimen  on  a  railway 
embankment  and  the  greater  portion  of  the  body  was  black- 
ish to  correspond  to  the  soot  and  cinders  among  which  it  was 
found.  No  similarly  colored  specimen  has  since  been  taken 
anywhere,  and  others  were  not  seen  at  that  time. 

Grylhtalpa  borealis.  This  is  commonly  known  as  the 
"Mole-cricket",  so  called  from  its  habit  of  burrowing  in  the 
ground  like  a  mote,  and  from  the  further  fact  that  it  has 
developed  along  very  similar  lines,  the  front  limbs  being 
much  enlarged  like  the  front  paws  of  the  mole,  and  like  them 
are  used  for  digging. 

Myrmecophila  pergandet.    This  small  and  wingless  cricket 
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is  found  beneath  stones  in  company  with  ants,  whose  nests 
they  inhabit,  and  in  consequence  of  the  darkness  prevailing 
in  its  usual  haunts,  is  white  in  color.  Thus  far  it  has  been 
taken  only  at  Raleigh,  though  doubtless  it  occurs  in  other 
localities. 

Ttidaciylus  ^.  This  is  a  small,  blackish  species  taken  at 
Raleigh  early  this  month  for  the  first  time.  It  was  found  in 
tow,sandy ground  in  which  it  frequently  disappeared  down  very 
minute  burrows.  When  disturbed  or  alarmed  they  jump  with 
marvelous  agility,  their  small  size  causing  them  to  instantly 
disappear  from  view  when  they  once  leap  away.  After  cap- 
turing several  specimens  by  laboriously  approaching  them 
with  the  killing  bottle,  we  finally  began  to  walk  rapidly  over 
the  ground  and  sweep  the  collecting  net  back  and  forth  at 
random,  and  by  this  means  secured  them  in  considerable 
numbers. 
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NOTES    ON    SOME    TURTLES   OF    THE  GENUS 
PSEUDEMYS. 


BY  C.    S.    BKIMLKY. 


The  genus  Pseudemys  comprises  a  number  of  larife  fresh 
water  turtles  found  in  the  streams  and  ponds  of  North  Amer- 
ica These  have  the  carapace  marked  with  a  more  or  less 
variegated  pattern  of  light  and  dark  colors,  and  are  distin- 
guished from  allied  genera  by  the  broad  masticating  sur- 
faces of  the  jaws,  which  are  in  the  upper  jaw  divided  by  a 
longitudinal  ridge  parallel  to  the  margin. 

The  species  dealt  with  in  this  paper  fall  more  or  less  natu- 
rally into  three  groups,  which  are  characterized  as  follows: 

Group  I.  Upper  jaw  with  a  notch  at  the  symphisis  and  a 
cusp  or  tooth  on  each  side  of  the  notch.  Lower  jaw,  at  least, 
strongly  serrated.  Ridges  in  masticating  surfaces  of  jaw 
tuberculate. 

Groitp  II.    Upper  jaw  without  either  notch  of  cusps,  other- 
wise as  under  Group  I.    Plastron  always  yellow,  unblotched. 
Groitp  III.    Upper  jaw  notched  at  symphisis,  but  without 
cusps.    Edges  of  jaws  not  serrated.    Ridge  in  masticating 
surface  of  jaws  not  tuberculate. 

Group  I  comprises  three  nominal  species,  P.  rubiveniris 
LeConte,  P.  alabamensis  Baur,  and  P.  texana  Baur.  Of 
these  the  first  and  last  are  certainly  distinct  species,  but  the 
second,  of  whict  I  have  seen  no  specimens,  may  be  the  same 
as  the  first.  ■»,..,, 

Of  P.  rubivwtris  I  have  seen  only  one  specimen,  this  be- 
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ing-  a  live  individual  from  Orlando,  Florida,  which  meas- 
ured 267  mm.  over  curve  of  shell,  245  in  straight  line,  167  in 
greatest  breadth,  110  in  greatest  height.  Shell  strongly 
arched.  Carapace  black  vith  red  markings,  marginal  plates 
with  much  red  below,  plastron  yellowish  brows,  but  reddish  in 
front  and  t>ehiad,  legs  with  red  stripes.  The  head  markings 
I  couldn't  see,  as  he  would  not  put  his  head  out.  Lower  jaw 
very  strongly  serrated,  with  a  serrated  cusp  at  tip;  upper  jaw 
slightly  serrated,  with  a  median  notch  and  a  strong  cusp  on 
each  side  of  it.    Date,  March  16,  1902. 

Alabamettsis,  according  to  Baur,*  has  theshell  more  arched 
than  in  rubivenlris,  and  the  plastron  is  yellow  with  brown 
markings,  instead  of  red  as  in  rubtventris. 

Of  the  third  species  of  Group  I,  P.  iexana,  I  have  seen 
only  two  undoubted  specimens,  one  a  living  specimen  from 
Colmesneil,  Texas,  measuring  284  over  curve  of  shell,  and 
265  in  straight  line;  greatest  width  215.  Shell  smooth,  not 
wrinkled,  and  without  traces  of  a  keel.  Color  slaty  brown 
with  yellowish  markings,  the  markings  on  the  costal  plates 
transverse  to  the  longitudinal  axis  of  the  shell.  Marginals  each 
with  a  vertical  yellow  bar  down  the  center.  Plastron  yellow 
wi^thout  markings.  Both  jaws  serrated,  the  lower  much  the 
most  so;  upper  jaw  notched  in  front  but  without  cusps.  Date, 
July  7, 1902. 

The  second  specimen,  which  was  from  Shell  Bank,  La., 
was  much  the  same  color,  and  had  the  upper  jaw  notched  in 
front,  with  a  slight  cusp  on  each  side  of  the  notch.  Other 
characters,  as  in  the  first  specimen.  Length  in  straight  tine 
225,  width  ISO.     Date,  July  27,  1903. 

Group  II  includes  five  nominal  species,  P.  concinna  LeConte, 
P.  mobiliensis  Holbr,t  P-  ftoridana  LeConte,  P.  hieroglypHica, 

■  "Notes  on  th«  olaaaifloatioa  and  tazoaomj  of  the  TeatndlnMa,  part 
IV,  The  speoles  of  the  genos  Piendeinjra"  b7  Q.  Banr.  (Proo.  Amff^iTHi 
Philos.,  Soo.  XSXL,  Uaj  S,  1698). 

i  Aooordlog  to  Dr.  Ban  (loeoeUo),  P.  mobiliemit  Agaa^  Is  not  th« 
mate  u  P.  mobilitntU  Eolbr.,  the  former  baing  a  oompoaite  apeoies  eqoat- 
Ing  P.  aiabamnmt  Baar  plna  P.  Iexana  Bani, 
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Holbr,  and  P.  labyrinthica  C.  Dumeril,  but  how  many  species 
it  really  contains  I  don't  know,  as  individual  variation  in  at 
least  one  species  seems  quite  wide  and  obliterates  the  distinct- 
ive features  ascribed  to  most  of  the  others. 

According  to  Dr.  Baur  (loco  cito)  these  species  are  charac- 
terized as  follows: 

Concinna  by  its  broad  and  low  shell  and  its  small  head. 

Hieroglyfkica  by  its  elongated,  narrow  shell  and  its  head, 
which  is  still  smaller;  the  yellow  stripes  and  dotson  the  head 
are  also  very  much  more  expressed  than  in  c 


Labyrinthica  shows  the  coloration  of  head  and  neck  of 
hieroglyphica,  but  the  head  is  larg-er  and  the  shell  more  as  in 
mobiliensis,  but  by  far  not  so  large. 

Mobiliensis  has  the  head  like  atncinna,  but  larger,  the  shell 
very  much  more  arched  especially  in  front,  the  animal 
much  larger  than  in  concinna,  the  upper  shell  reaching  a 
length  of  385  over  the  curve, 

Floridanus  is  at  once  distinguished  by  its  oval  form  and 
the  great  elevation  of  the  carapace  and  its  color.  The  cara- 
pace has  a  very  dark  brown  color  with  numerous  irregular 
lines  of  yellow.  The  marginals  are  dark  brown  and  have 
only  one  vertical,  median  yellow  line,  and  are  without 
the  yellow  concentric  lines  so  characteristic  of  concinna  and 
mobiliensis.  The  carapace  is  much  more  arched  than  in  mob- 
iliensis and  nearly  forms  a  half  circle.  The  skull  is  also 
larger  than  in  this  species  and  the  jaws  are  not  serrated  {sic). 

The  characters  quoted  above,  except  those  for  floridanus, 
all  fall  within  the  range  of  individual  variation  of  Raleigh 
specimens  of  concinna,  and  hence  until  I  am  able  to  examine 
specimens  of  the  others,  I  cannot  help  feeling  doubtful  of  their 
validity. 

Raleigh  specimens  of  concinna  present  the  following  char- 
acteristics: The  carapace  is  marked  with  a  variegated  pattern 
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of  brown  and  yellow  lines,  these  fonninfjr  more  or  less  distinct 
concentric  figures,  parts  of  three  of  which  usually  enter  each 
costal  plate.  Markings  of  the  carapace  usually  not  definitely 
transverse  to  the  axis  of  the  t>ody,  on  the  costals.  Marginal 
plates  marked  above  with  a  median,  vertical,  yellow  bar,  and 
yellow  concentric  figures  l>etween  the  yellow  bars  of  adjoin- 
ing plates;  quite  frequently,  however,  the  vertical  bars  are 
absent  on  some  of  the  plates  and  the  concentric  figures 
leplaced  by  longitudinal  yellow  lines,  continuous  on  adjoining 
plates,  this  occurring  on  the  middle  and  posterior  marginals, 
but  not  usually  on  the  anterior  ones.  In  seven  adults  this 
feature  is  present  or  absent  as  follows:  In  one  the  longi- 
tudinal lines  replace  the  vertical  bars  and  concentric  lines  on 
all  the  marginals;  in  two  others  they  do  not  occur  at  all;  in 
a  fourth  they  occur  only  on  marginals  4,  5,  6,  right,  and  11, 
12,  left;  a  fifth  has  them  on  the  four  middle  marginals  on 
each  side;  a  sixth  on  numt}ers  5,  %  7,  right,  and  6,  7,  left;  a 
seventh,  on  numbers  4,  7,  8,  9,  11,  on  both  sides,  and  on  No. 
12,  right  also.  The  presence  of  a  vertical  yellow  bar  across 
the  center  of  each  marginal  is  so  constant  in  all  specimens  of 
Pseudemys  that  I  have  seen,  except  those  from  Raleigh,  that 
the  variation  seems  worth  noting.  Head  and  legs  with  yel- 
low stripes.    Plastron  yellow,  unblotched. 

In  the  shape  of  the  shell  there  is  also  a  good  deal  of  varia- 
tion, some  specimens  being  broad  and  flat  with  a  median, 
dorsal  depression;  others  are  broad  and  flat  but  lack  the  dor- 
sal furrow,  while  others  again  have  comparatively  high  and 
arched  shells,  and  in  any  case  the  dorsal  depression  is  only 
present  in  full  grown  specimens,  not  in  young  nor  in  half 
grown  ones.  The  flat  shelled  specimens  seem  to  be  mainly 
males,  and  the  more  arched  ones  females,  but  I  have  not  exam- 
ined enough  specimens  to  be  sure  that  the  variation  is  wholly 
sexual  and  not  individual. 

The  size  of  the  head  also  varies,  being  large  in  some  spec- 
imens and  small  in  others,  the  difference  being  apparently 
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sexual,  the  small  headed  ones  being  males,*  the  large  headed  * 
ones  females.    Young  specimens  are  nearly  circular  with  a 
distinct  dorsal  keel,  as  in  all  young  Pseudemys,  but   a   speci- 
men 130  mm.  long  has  substantially  the  form  of  the  adult. 

Some  measurements  of  specimens  from  Neuse  River  near 
Raleigh  are  as  follows: 

Tftkeo.  Ghmtert  Length-        Width. 


Feb.     26, 

1902, 

sex? 

131 

107 

55 

April   23, 

1906, 

male 

150 

114 

54 

March  29, 

1904, 

female 

161 



— 

July     27. 

1903, 

sex? 

202 

139 

— 

Maicb  24, 

1903, 

male 

211 

150 

82 

March  29, 

1904, 

female 

240 

158 

— 

June      2, 

1905, 

sex? 

240 

172 

80 

March  24, 

1903, 

female 

275 

185 

110 

March  16, 

1902, 

sex? 

280 

195 

107 

Of  what  Baur  called  mobiliensts,  I  have  had  one  adult  and 
several  smaller  specimens  from  Baker  County,  in  Southwest 
Georgia,  but  while  the  adult  has  an  arched  shell  and  is  a 
little  larger  (290  mm.  long)  than  the  largest  I  have  meaa- 
ured  from  Raleigh,  its  shell  is  not.  more  arched  than  those  of 
some  Raleign  specimens,  nor  is  the  head  larger  than  in  some 
of  them.  Id  coloration  tt  is  identical  with  Raleigh  speci- 
mens, as  are  also  the  young  ones,  except  that  none  of  them 
have  any  vertical  yellow  bars  and  concentrix  markings  on  the 
marginals  replaced  by  longitudinal  yellow  lines.  I  am  inclined 
to  consider  this  form  as  merely,  at  the  most,  a  large  south- 
ern form  of  concinna. 

Of  fioridana  I  have  had  three  good  sized  adults  from  John- 
ston County,  N.  C,  and  quite  a  number  of  small  and  half 
grown  specimens  from  Southwestern  Georgia,  and  Florida. 
These  differ  from  concinna  in  usually  having  a  vertical  yellow 

*  See  also  "SomeobserviitionH  on  the  turtles  of  the  geuaBMalademmya" 
br  O.  H.  HsT,  (Proo.  n.  S.  N.  U.,  VoL  XV,  No.  008)  in  which  he  rtatea 
that  the  tenuUsa  of  this  gentuhave  larger  heads  than  the  males. 
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bar,  forking:  at  the  upper  end,  down  the  center  of  the  first  and 
second  costal  plates,  and  in  having  the  markiag^s  on  the  rest 
of  the  shell  less  concentric  and  usually  in  largfer  pattern. 
The  marginal  plates  have  a  vertical  yellow  bar  down  the  cen- 
ter of  each,  with  concentric  markings  between;  these  latter, 
however,  only  occur  in  quite  small  specimens,  as  they  disap- 
pear early  in  life  leaving  only  the  vertical  bar.  Head,  legs, 
and  plastron  colored  as  in  concinna.  Ground  color  of  cara- 
pace dark  brown,  darker  than  in  amdnna.  The  really  import- 
ant difference  lies,  however,  in  the  shape  of  the  shell,  which 
is  shorter  and  more  arched  than  in  amciuna,  being  in  fnct 
more  nearly  the  shape  of  that  of  P.  scripia,  to  which  species 
jloridana  bears  a  superficial  resemblance.  The  males  have 
smaller  heads  and  lower  shells  than  the  females.*  The  upper 
jaw  is  slightly,  the  lower  jaw  strongly,  serrated,  in  all  speci- 
mens that  I  have  seen. 
The  measurements  of  ^he  shells  of  some  specimens  are: 

Taken.  From.  Lengtit.  Width.  Height. 

1.  June  20,  1905,    Johnston  Co.,  N.  C.,,250        197        110 

2.  June  30,  1905,  "  "  "      222        149         95 

3.  June  30,  1905,  "  "  "      169        —        — 

4.  May  14,  1904,    Baker  Co.,  Ga.,  136         114  57 

5.  July  20,  1904,  "  "  150        

I  have  seen  no  specimens  of  labyrinthica  or  htero^lyphica 

and  the  characters  assigned  to  them  by  Dr.  Baur  (,loco  ctto), 
are  not  of  specific  value,  as  they  fall  within  the  range  of  the 
individual  variation  of  concinna.  As  labyrinthica  is  smaller 
than  concinna  and  mobiUensis  larger,  it  is  quite  possible  it  is  a 
smallerf  northern  race  of  that  species,  just  as  mobiliensis 
appears  to  be  a  larger  southern  race. 

*  Aoo(»diiig  to  Dr.  Bsnr(Ioeo  ctto)  Jloridana  does  not  have  BenatedJawB, 
qnt  he  plaoea  it  in  aieotloii  of  thegeaiu  with  lower  jaw  rtrongly  MRated, 
BO  the  abeenoe  of  eemtdooa  probablj  appliei  only  to  the  upper  Jaw,  when 
(he7  an  little  evident 

i  Lobyrinthica  ooonis  in  Tameaaee  and  IlUuola  in  the  tribatarief  of  the 
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Group  III  comprises  three  species  which  agree  in  baving- 
the  upper  jaw  with  a  notch  at  the  symphisis,  but  without 
cusps  on  each  side  of  the  notch,  in  the  edges  of  both  jaws 
being  without  serrations,  in  the  ridge  in  the  masticating  sur- 
face of  the  jawstwing  non-tuberculate,  and  in  the  plastron 
being  more  or  less  blotched.  These  three  are  stripta  of 
the  Southeastern  United  States,  and  ehgans  and  troostii  of 
the  Mississippi  Valley  and  southwestward. 

The  three  may  be  distinguished  as  follows: 

1.  Carapace  keeled  at  all  ages,  a  vertical  yellow  bar  just 

behind  eye.     Scripta. 
Carapace  not  keeled  in  adult,    no  vertical  yellow  bar 
t>ehind  eye. 

2.  As  elongate-oval  red  mark  on  neck  behind  eye.    Elegans. 
No  oval  red  mark  on  neck.     Troostii. 

Scripta  is  a  large,  heavily-built  terrapin,  with  a  wrinkled 
shell,  and  a  distinct  dorsal  keel  at  all  ages.  A  diagnostic 
mark  of  this  species  is  a  vertical  yellow  figure  just  behind 
the  eye.  The  marginals  are  marked  as  usual  in  the  genus 
with  a  vertical  yellow  bar  and  concentric  figures  between;  the 
latter,  however,  are  usually  absent  in  adults.  The  carapace 
is  marked  on  the  costals  with  yellow,  black  and  brown  mark- 
ings, there  being  usually  a  central  yellow  stripe  down  the 
middle  of  each  costal  with  yellow  and  brown  lines  parallel  to 
it  and  meeting  their  fellows  above  its  upper  end,  and  to  some 
extent  below  its  lower  end;  the  black  is  more  irregular  in 
amount  and  position  than  the  other  colors,  but  there  is  always 
some  black  on  each  plate  in  the  adult,  although  it  is  wanting 
in  young  specimens.  On  the  posterior  costals  the  markings 
are  less  regular  and  more  confused.  The  plastron  is  yellow, 
or  occasionally  brownish,  with  a  round  black  spot  on  each  of 
the  two  anterior  plates;  often  there  is  a  black  spot  on  the 
nest  two  plates  also,  and  occasionally  one  on  every  plate. 
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The  largest  specimen  I  have  seen  weig^hed  seven  and  a  half 
pounds  and  measured  272  mm. 

Ele^ns  is  much  like  scripta  in  general  appearance  and  in 
markings,  but  the  shell  is  flatter  and  not  keeled  in  the  adult 
and  the  red  seek  spot  is  characteristic  at  all  ages.  The  mark- 
ings on  the  carapace  are  variable,  hut  usually  much  as  in 
scripta,  but  those  of  the  plastron  are  different,  each  plate 
usually  containing  a  black  or  dusky  spot  which  is  usually  sur- 
rounded by  one  or  more  dusky  concentric  lines. 

Of  troostii  I  have  only  seen  one  specimen  and  that  differed 
greatly  in  many  respects  from  all  the  specimens  of  scripta  and 
elegans  that  I  have  seen.  It  was  from  St.  I^uis,  Ma,  and 
measured  185  in  length  and  137  in  breadth,  and  the  tipof  the 
nose  extended  107  mm.  beyond  the  front  edge  of  the  shell, 
when  the  neck  was  stretched  to  its  fullest  extent.  The 
upper  jaw  was  notched  in  front,  lower  jaw  pointed  at  tip, 
neither  serrated.  Both  upper  and  lower  jaws  much  wider 
and  more  rounded  than  in  any  other  pseudemys  with  which  I 
am  acquainted,  especially  than  in  elegans  and  scripta,  which 
have  the  snout  notably  pointed.  Head  dark  above  with  nar- 
row, pale  stripes;  chin,  throat,  and  neck  below,  light  colored 
with  rather  pale  darker  stripes  on  neck  below,  much  as  in 
Deirochelys  reticulata.  Shell  rather  flat  on  top,  rounded  off 
on  sides,  rather  deep,  and  much  the  shape  of  Deirochelys,  but 
the  bridge  and  shell  not  so  high;  shell  smoother  and  without 
the  wrinkles  so  characteristic  of  Deirochelys.  Carapace  dark 
brown  with  indistinct  paler  markings,  most  of  the  marginals 
with  faint  vertical  bars  which  are  barely  visible.  Plastron 
pale  with  some  dark  markings  round  the  edges  of  the  plates. 
Superficially  and  in  length  of  neck  this  specimen  resembles  a 
D.  reticulata  more  than  it  does  the  other  species  of  Pseu- 
demys,  but  I  found  pn  examination  that  the  basal  portion  of 
the  ribs  was  short,  straight  and  broad  as  in  other  Pseudemy^, 
not  long,  slender  and  arched  as  in  Deirochelys. 
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SPBCIMBNS     BXAHINBD. 

P.  raitventn's,  Orlando,  Florida,  one. 

P.  texatia,  Colmesneil,  Texas,  one;  Shell  Bank,  La.,  one. 

P.  concinna,  Raleigh,  N.  C,  nine  adults  and  several  young. 

P.  tnobiliensis  (=/*.  concinna?),  Mitnsville,  Ga.,  one  adult, 
two  youog. 

P.  fioridana,  Johnson  County,  N.  C,  three  adults;  Orange 
County,  Fla.,  two  young;  Mimsville,  Ga.,  two  half- 
grown  specimens  and  several  young. 

P.  scripia,  numerous  specitneos  from  Raleigh,  N.  C,  and 
Mimsville,  Ga.;  Lake  Ellis,  N.  C,  several. 

P.  elegans,  Austin,  Texas,  three;  St.  Louis,  Mo.,  three; 
Shell  Bank,  La.,  one. 

P.  iroostii,  St  Louis,  Mo.,  one 
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THREE  LITTLE  KNOWN  SPECIES  OF  NORTH  CAR- 
OLINA FUNGI. 


BY  J.   O.   HALL. 


It  is  my  purpose  to  take  up  three  species  of  fun^i  that  are 
little  known  in  North  Carolina,  and  in  fact  in  the  United 
States,  and  to  give  a  brief  description  of  them. 

The  first  two  belong  to  the  Hyphomjcetes  of  Saccardo, 
but  to  different  groups  under  this  head.  The  third  belongs 
to  the  Pyrenomycetes,  and  the  family  Sphaeriaceae. 

The  first  I  have  preferred  to  call  by  the  known  name  of 
Martensella  pectinata,  although  as  will  be  seen  later,  there 
are  sufficient  differences  to  make  it  a  new  species.  It  was 
first  described  by  Coemaus  in  1863  from  Belgium. 

This  fungus  is  new  to  North  Carolina,  and  in  so  far  as  I 
have  been  able  to  determine,  has  not  been  reported  in  print 
from  the  United  States,  although  I  know  it  to  be  in  culture 
in  one  other  place  than  West  Raleigh. 

The  discovery  of  this  species  was  partly  an  accident.  Last 
December  I  was  making  some  plate  cultures  from  some  soil 
that  came  from  Kew  Bern,  in  the  eastern  part  of  the  State, 
for  Sclerotinia,  a  lettuce  disease  upon  which  we  have  con- 
ducted a  series  of  experiments. 

In  the  culture  I  noticed  growing  a  fungus  that  at  first  I 
took  to  be  Botrytis,  but  upon  microscopic  examination  found 
to  be  Martensella. 

The  fruiting  hyphae  stood  erect  and  unbranched,  except 
for  the  short  spore  bearing  stalks,  although  later  I  found  that 
the  fungus  became  branched,  and  some  times  very  much  so. 
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The  erect  hyphae  are  septate  and  after  arising  a  short  dis- 
tance above  the  substratum  each  cell  sends  out  a  short  branch 
near  the  outer  end.  These  short  branches  become  the  spor- 
ophores,  and  at  first  are  indistingruishable  from  the  main 
hypha  except  in  size.  Almost  immediately  the  tips  of  the 
sporophores  bend  upward  at  approximately  right  angles  and 
the  portion  beyond  the  bend  rapidly  becomes  closely  septate, 
having  six  to  nine  septae.  The  sporophores  very  soon  become 
boat-shaped  with  the  keel  toward  the  main  hypha.  Upon 
the  side  away  from  the  main  hypha  there  arise  small  protu- 
berances,  the  first  appearing  nearest  the  bend,  and  then  t)eing 
produced  in  succession  toward  the  tip. 

These  growths  early  begin  to  show  a  slight  swelling,  form- 
ing a  kind  of  head  at  the  tip,  which  later  lengthens  into  the 
fusiform  spores;  these  are  constricted  into  a  very  fine  thread 
at  the  base,  which  connects  them  with  a  swollen  base  (basi- 
dia)  that   joins  them  to  the  naviculate  sporophore. 

Saccardo  places  this  fungus  in  that  group  of  the  Hypho* 
mycetes  called  the  Mucedineae,  because  of  tbe  looseness  and 
lightness  of  color  of  the  mycelium.  Also  among  the  Amer- 
osporeae  of  the  latter,  because  of  the  shape  and  color  of  the 
spores. 

In  quoting  the  original  description  in  his  Sylloge  Pungorum 
Saccardo  says  that  the  sterile  hyphae  are  procumbent,  with 
the  fertile  erect,  with  both  branched  and  septate;  the  spores 
are  Iwrne  on  short  lateral  branches  and  in  two  rows  along  the 
face  of  the  naviculate  sporophore,  being  cylindric-f usiform  in 
shape,  and  measuring  10-20x3^;  that  it  is  parasitic  on  Muco 
and  the  Saprolegneae.  After  giving  the  habitat  a  note  is 
added  saying  that  Cremans  describes  some  of  the  spores  as 
being  borne  in  chains,  and  Engler  &  Prantl  reproduce  fig- 
ures of  the  fungus  which  show  some  of  the  sporophores 
bearing  catenulate  spores,  which  are  nearly  globose  in  shape. 

After  the  note  Saccardo  makes  tbe  very  significant  remark 
that  tbe  appearance  of  the  catenulate  spores  is  exceedingly 
strange. 
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Bngler  &  Prantl  also  show  the  sporopbores  with  the  spore- 
bearing  surface  upward  and  inward. 

In  the  early  part  of  this  note  I  said  that  I  believed  I  would 
be  justified  in  making-  a  new  species  on  account  of  the  dif- 
ferences I  found  between  my  specimens  and  those  in  Saccardo 
and  Engler  &  Prantl.  I  found:  that  the  plant  grew  very 
freely  with  Penicillium  as  a  host;  that  the  spores  are  never 
borne  in  chains  but  always  sing-ly;  that  instead  of  being 
borne  in  two  rows  along  the  face  of  the  sporophore,  they  are 
arranged  all  over  its  surface.  In  other  respects  my  specimens 
agree  with  the  descriptions  noted. 

The  second  species  that  we  consider  is  one  of  the  Genus 
Bpicoccum,  which  belongs  to  the  Tuberculariae,  another 
group  of  the  Hyphomycetes,  so  called  because  the  mycelium 
forms  a  tubercle  or  mass  of  threads  from  which  the  spores 
arise. 

The  spores  are  borne  in  masses  almost  without  sporophores, 
but  what  there  is  of  them  is  light  brown,  although  the  greater 
part  of  the  Mycelium  is  white.  The  spores  are  black  when 
mature  but  brownish  black  in  the  younger  stages.  They  are 
rough  on  the  surface  and  look  very  much  as  if  they  were 
four-celled,  but  I  have  not  been  able  to  see  any  definite  par- 
titions. They  are  globose  and  measure  from  twenty  to 
thirty  /i  in  diameter. 

In  germination  the  spores  send  out  short,  almost  globose 
cells,  and  after  forming  two  or  three  of  these  at  each  point  of 
germination,  they  grow  into  the  regular  septate  hyphae, 
which  continue  to  lengthen  for  some  time. 

Near  the  growing  tip  of  the  mycelium  short  branches  arise, 
at  first  just  a  single  filament,  but  very  soon  becoming  much 
and  irregularly  branched,  forming  a  hemispherical  mass 
(sporodochium)  upon  the  surface  of  which  the  spores  are 
borne. 

As  an  experiment  this  fungus  was  grown  upon  several  dif- 
ferent kinds  of  media  to  see  if  different  nutrients  had  differ- 
ent effects  upon  it. 
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A  medium  which  we  called  C.  B.  A.,  Chemical  Base  A^ar, 
was  made  as  follows:  Water,  1000  grrams;  Di  Potassium- 
phosphate,  2.5  ^ams;  Calcium  Chloride,  01  gram;  Magne- 
sium sulphate,  01  gram;  Sodium  Chloride,  2.5  gram;  Potas- 
sium sulphate,  2  grams;  Agar,  15  grams. 

To  this  was  added  Sodium  Aspariginate  in  one  case;  So- 
dium Aspariginate  and  Starch  in  another;  Sodium  Asparigi- 
nate and  glucose  in  another,  and  one  or  two  others.  Pour 
per  cent.  Pea  Agar  and  Apple-twig  Agar  were  also  used. 

On  the  Pea  Agar  the  Mycelium  was  white  with  very  few 
pink  spots;  upon  the  Apple  and  Apple-twig  Agar  thp  Myce- 
lium was  orange  yellow  with  abundance  of  pink  spots.  Upon 
C.  B.  A.  and  N.  A.  S.  and  K  A.  G.  the  Mycelium  was  white 
but  with  a  large  number  of  large  pink  spots.  In  all  cases 
spores  were  formed  in  equal  abundance  and  they  were  most 
numerous  near  the  point  of  inoculation. 

The  third  and  last  species  belongs  to  a  very  different  group 
of  fungi,  the  P3rrenomycetes,  which  has  its  spores  borne  in 
sacs  (asci)  within  closed  or  nearly  closed  conceptacles  called 
perithecia.  In  giving  the  systematic  position  of  this  species, 
I  shall  follow  Ellis  &  Everhart's  North  American  Pyrenomy- 
cetes. 

This  is  a  new  species  of  fungus,  but  I  hesitate  to  give  it  a 
name  because  of  the  scarcity  of  material.  It  is  one  of  the 
Genus  Podospora,  in  the  family  Sordaieae,  which  is  one  of 
the  sub-order  Sphaerioceae. 

The  perithecia  are  borne  singly  and  scattered,  are  black 
and  flask-shaped.  The  asci  are  clavate  and  bear  the  eight 
spores  which  are  the  distinguishing  feature  of  the  plant. 
They  are  dark,  elliptical,  and  are  joined  by  a  filament  into 
pairs. 

So  far  as  I  have  been  able  to  learn,  there  is  only  one  species 
that  approaches  this  in  any  way,  and  that  is  Podospora  zygos- 
pora,  in  which  the  spores  are  similarly  joined  in  pairs,  but 
the  thread  joining  each  pair  is  septate,  while  in  this  one 
there  are  no  septae  in  the  connecting  thread. 
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PROCEEDINGS  OF  THE  ELISHA  MITCHELL  SCIEN- 
TIFIC SOCIETY,  JANUARY  1907  TO 
OCTOBER  1907. 


169th  Mbbting,  Jantjaky  15,  1907. 
H.  V.  Wilson:    The  Regenerative  Power  of  Sponges. 
J.  W.  Gore:    Direct  Current  Transmission  of  Power. 
The  Electrical  Aging  of  Flour. 

170th  Meeting,  February  12,  1907. 
J.  H.  Pratt:     The   Fish   and   Oyster   Industries  in  North 

Carolina. 
Collier  Cobb:     Some  Human  Habitations. 

171st  Meetikg,  March  19,  1907. 
J.  E.  Latta:    Some  Recent  Developments  in  Electric  Trac- 
tion. 
N.  C.  Curtis:    Architectural  Composition. 

172KD  Meeting,  April  16,  1907. 

Archibald  Henderson:     The  Foundations  of  Geometry. 

Cbas.  H.  Herty:     The  Optical  Rotation  of  Turpentines. 

At  the  close  of  the  program  a  business  meeting  was  held 
to  consider  the  programs.  It  was  voted  that  a  minimum  of 
four  meetings  be  held  each  year  but,  if  possible,  one  meeting 
per  month. 
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sun  should  be  avoided.  Tubs  answer  as  well  as  concrete 
aquaria,  and  bare  the  advantage  of  being  movable. 

In  a  da;  or  two  the  oscula  of  the  sponge  disappear,  and  the 
surface  begins  to  acquire  a  peculiar  smooth,  dense  and  uni- 
form appearance.  Microscopic  study  reveals  the  fact  that  not 
only  the  oscula,  but  the  pores  also,  for  the  most  part  close, 
and  the  canal  system  becomes  interrupted  and  in  some  degree 
suppressed.  The  mesenchyme  is  more  uniform,  and  is  denser 
than  in  the  normal  sponge,  owing  in  part  at  least  to  the  dis- 
appearance of  the  extensive  collenchymatous  (very  watery 
mesenchyme)  tracts  of  the  latter. 

The  whole  sponge  may  pass  into  this  state  and  remain  with- 
out great  change  for  weeks.  During  this  period  it  shrinks 
greatly  in  size,  in  a  given  case  to  one  quarter  the  original 
bulk.  The  arrangement  of  the  skeletal  spicules  becomes 
much  simplified.  With  the  shrinkage  in  size  the  sponge  be- 
comes more  solid,  i.e.,  more  of  the  canal  space  is  suppressed. 
Some  flagellated  chambers  persist  and  there  are  a  few  small 
scattered  apertures  on  the  surface.  The  bulk  of  the  chamb- 
ers disappear  as  such,  the  collar-cells  transforming  into  simple 
polyhedral  masses  which  become  scattered  singly  or  in  groups 
in  the  general  mesenchyme.  The  mesenchyme  is  a  syncyti- 
um composed  of  well-marked  cells  that  are  freely  intercon- 
nected. The  sponge  in  this  condition  closely  resembles 
Spongilla  in  its  winter  phase,  as  described  by  W^ltner.'  Pre- 
sumably water  continues  to  circulate  through  the  body,  but 
the  current  must  be  an  exceedingly  feeble  and  irregular  one. 

As  a  sponge  in  this  condition  continues  to  shrink,  it  may 
subdivide  and  thus  a  large  sponge  may  eventually  be  repre- 
sented by  numerous  masses,  in  a  given  case  about  1  cm.  in  di- 
ameter. Now  if  the  sponge  in  this  condition  or  if  one  of  the 
masses  into  which  it  has  split  up,  be  attached  to  wire  gauze 
and  suspended  in  a  live  box  floating  at  the  surface  of  the 
open  water  of  thehartmr,  the  sponge  or  piece  will  in  a  few 
days  grow  and  redevelop  the  pores  and  oscula,  fiagellated 
chambers,  tissue  differentiation,  and  skeletal  arrangement  of 

S'SponjrillidenBtudien,  II,  Archiv  fur  Natuiyeschichte,' 1893. 
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the  normal  sponge.  Whether  in  this  regeneration  the  trans- 
formed and  separated  collar  cells  again  unite  to  form  the  flag- 
ellated chambers,  I  can  not  say.     I  think  it  very  doubtful. 

In  the  two  classes  of  cases  just  described  the  sponge  as  a 
whole  degenerates  and  slowly  shrinks.  Cellular  death  takes 
place  so  gradually  that  at  no  time  is  there  any  obvious  corpse 
tissue  or  skeletal  debris.  Much  more  common  and  of  far  great- 
er interest  are  the  following  cases.  In  these  a  large  part  of 
the  sponge  body  dies  in  the  course  of  two  or  three  weeks, 
leaving  the  skeletal  network  still  in  place  and  bearing  the 
brown  decaying  remnants  of  the  flesh,  which,  as  maceration 
continues,  are  washed  away.  In  places,  however,  the  sponge 
body  does  not  die.  Here  masses  of  living  tissue  are  left, 
conspicuous  amidst  the  dead  remains  by  their  bright 
color  and  smooth  clean  surface.  These  living  fragments  may 
be  classified  into  three  groups.  First,  the  upper  end  of  an  as- 
cending lobe  or  a  considerable  part  of  the  body  of  the  lobe  may 
be  left  alive  in  its  entirety,  thus  forming  a  more  or  less  cylin- 
drical massup  to  5  mm. diameter,  with  a  length  sometimes 
two  or  three  times  the  thickness.  The  histological  condition 
of  these  masses  is  not  very  different  from  that  of  the  sponges 
already  described.  Such  a  mass  may  be  said  to  consist  of  an- 
astomosing trabeculse,  separated  by  the  remains  of  the  canal 
system.  The  mesenchyme  composing  the  trabeculse  consists 
of  discrete  cells  interconnected  by  processes  to  form  a  syncti- 
um.  The  flagellated  chambers  as  such  have  nearly  disap- 
peared, although  remnants  may  still  be  recognized.  In  them 
the  collar  cells  have  transformed  into  simple  polyhedral  bodies 
that  are  widely  separated.  The  bulk  of  the  chambers  have 
broken  up  into  their  constituent  cells,  and  these  are  now  scat- 
tered as  elementary  parts  of  the  general  mesencliyme.  When 
such  masses  are  attached  to  wire  gauze  and  hung  in  a  float- 
ing live-box  they  transform  into  perfect  sponges. 

A  second  class  of  surviving  remnants  includes  masses  scat- 
tered over  the  general  surface  of  the  sponge.  These  may  be 
spheroidal  and  small,  less  than  one  millimeter  in  diameter. 
Usually  they  are  flattened  and  of    an    irregular    shape   with 
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lobes,  sug^estin^  a  lobose  rliizopod  or  myxotnycete  Plasmodi- 
um. Such  masses  which  ma;  be  connected  b;  slender  strands 
are  commonly  from  two  to  five  millimeters  in  the  longest  di- 
rection. The  third  class  of  remnants  are  found  scattered 
through  the  body  of  the  dead  and  macerated  sponge,  in  which 
they  sometimes  occupy  positions  that  are  obviously  favorable 
for  respiration.  These  bodies  are  more  or  less  spheroidal  and 
small,  their  diameter  varying  commonly  from  one  half  to  one 
and  a  half  millimeters.  In  the  most  successful  cases  of  treat- 
ment,  the  small  masses,  internal  and  superficial,  are  exceed- 
ingly abundant,  and  the  dead  and  macerated  sponge  body 
with  its  contained  nodules  of  conspicuous  living  tissue  strong- 
ly suggests  a  Spongilla  full  of  gemmules. 

These  living  remnants  of  the  sponge  (bodies  of  the  second 
and  third  classes)  execute  slow  amoeboid  changes  of  shape 
and  position,  behaving  thus  like  plasmodta,  and  they  may  be 
designated  as  plasmodial  masses.  Microscopic  examination 
shows  them  to  be  of  an  exceedingly  simple  character,  without 
canal  spaces  or  flagellated  chamt>ers.  The  mass  does  not  con- 
sist of  discretecells,  but  isan  aggregation  of  syncytial  proto- 
plasm studded  with  nuclei.  The  protoplasm  is  stored  with 
minute  inclusions  and  is  reticulate  in  arrangement.  The  nu- 
clei are  practically  all  alike,  and  there  are  no  signs  of  per- 
sisting collar-cells.  Such  a  mass  represents  a  portion  of  the 
original  sponge  in  which  the  degenerative  changes  have  pro- 
gressed farther  than  to  the  larger  remnants.  In  the  latter 
we  find  a  syncytium  made  up  of  discrete  cells  among  which 
some  persisting  collar-cells  are  distingfuishable.  But  in  the 
plasmodial  mass  the  cells  have  united  so  intimately  that  cell- 
outlines  have  been  wiped  out,  and  recognizable  collar-cells 
(or  their  nuclei)  have  disappeared.  The  optical  evidence 
points  to  the  conclusion  that  the  latter  help  to  form  the  gener- 
al syncytium,  undergoing  regressive  changes  in  their  differen- 
tiation which  result  in  their  becoming  indifferent  parts  of 
this  unspecialized  tissue. 

The  plasmodial  masses  remain  alive  in  the  latwratory  In- 
definitely, but  do  not  transform.     They  attach  to  the  bottom 
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of  the  vessel,  but  so  feebly  as  to  be  easily  shaken  loose.  In 
order  to  see  if  tbey  would  transform  when  returned  to  natur- 
al conditions,  I  devised  the  simple  plan  of  enclosing  tbem  in 
fine  bolting-cloth  bags  which  were  hung  in  a  live-box  float- 
ing in  the  harbor.  The  bags,  rectangular,  were  divided  into 
compartments  about  an  inch  square  with  the  two  flat  sides 
nearly  touching.  In  each  space  an  isolated  plasmodial  mass 
was  inserted,  and  the  bag  sewed  up.  It  was  found  that  in 
such  bags  the  masses  were  held  in  place  long  enough  for 
them  firmly  to  attach  to  the  bolting  cloth.  Once  attached  to 
the  cloth  they  grow,  sometimes  quite  through  the  wall  of  the 
bag  to  the  outer  water,  and  transform  into  perfect  sponges 
with  osculum,  canals,  pores  and  flagellated  chambers  in  such 
abundance  as  to  be  crowded. 

This  ability  to  undergo — when  the  environment  is  unfavor- 
able but  not  ezcessivelT  so,  regressive  changes  of  differentia- 
tion resulting  in  the  production  of  a  simpler,  more  uniform 
tissue,  is  something  that  is  plainly  useful,'  i.  e.,  adaptive.  In 
the  simplified  state  the  sponge  protoplasm  withstands  condi- 
tions fatal  to  such  parts  of  the  body  as  do  not  succeed  in 
passing  into  this  state,  and  on  the  return  of  normal  condi- 
tions again  develops  the  characteristic  structure  and  habits  of 
the  species.  That  this  power  is  exercised  in  nature  there  can 
scarcely  be  a  doubt,  since  the  conditions  that  are  present  in 
an  aquarium  must  now  and  then  occur  in  tidepools. 

It  is  probable  that  the  power  thus  to  degenerate  with  the 
production  of  masses  of  regenerative  tissue  is  general  among 
sponges.  I  first  discovered  the  phenomenon  in  Microciona,  a 
very  different  form  from  Stylotella  and  one  in  which  the  skel- 
eton includes  much  horny  matter.  And  in  two  other  Beau- 
fort species  I  have  succeeded  in  producing  the  plasmodial 
masses.  There  is  every  reason  for  believing  that  the  com- 
mercial sponge  shares  in  this  ability.  If  this  is  so,  we  have 
here  a  means  of  propagation  which  with  a  further  develop- 
ment of  methods  may  at  some  time  become  economically 
practicable.  In  any  case  it  is  now  possible  to  study  the  dif- 
ferentiation of  a  quite  unspecialized  tissue,  one  that  is  physi- 
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ologically  embryonic,  tato  a  perfect  spongfe  at  any  time  of  the 
year  irrespective  of  the  breeding:  season.  We  may  even  exer- 
cise some  direct  control  over  the  size  of  the  plasmodial 
masses,  as  the  following  experiment  shows. 

Microciona  was  kept  in  aquaria  until  the  degenerative  pro- 
cess had  begun.  Pieces  were  then  teased  with  needles  in  a 
watch  glass  of  sea  water  in  such  a  way  as  to  liberate  quanti- 
ties of  cells  and  small  irregular  cell-agglomerates.  These 
were  gently  forced  with  pipette  to  the  center  of  the  watch 
glass.  Fusion  of  cells  and  masses,  with  amoeboid  phenom- 
ena, began  at  once,  and  in  half  an  hour  quite  large  irregular 
masses  existed.  In  the  course  of  a  few  hours  the  masses 
grew  enormously  through  continued  fusion.  From  this  time 
on  they  adhered  firmly  to  the  glass,  retaining  irregular  plas- 
modium-like  shapes,  and  the  growth  was  inconspicuous.  To 
bring  them  together  once  more  and  induce  further  fusion 
they  were  on  the  following  day  forcibly  freed,  with  pipette 
and  needle,  and  to  clean  them  of  cellular  debris  and  bacteria 
were  transferred  to  a  tumbler  (covering  with  bolting  cloth) 
in  which  they  were  kept  actively  moving  under  a  fine  glass 
faucet  for  about  thirty  minutes.  In  the  course  of  this  violent 
agitation  a  good  many  masses  were  lost.  Those  remaining 
in  the  tumbler  became  in  the  next  few  hours  noticeably 
rounder  and  smoother  at  the  surface.  From  this  experiment 
eighteen  more  or  less  spheroidal  masses  were  obtained,  some 
of  which  measured  one  half  millimeter  in  diameter.  They 
were  similar  to  the  small  plasmodial  masses  produced  in  this 
species  (and  in  Stohtella)  when  the  sponges  are  allowed  to 
remain  quietly  in  aquaria.  As  already  stated,  it  is  only  in 
Stylolelh  that  I  have  directly  proved  the  regenerative  power 
of  these  masses. 

Maas  has  just  announced'  that  calcareous  sponges  {Sycons) 
when  exposed  to  sea  water  deprived  of   its  calcium  undergo 

3 'Ueber  die  Einwirknng  karbonatfreier  und  kalkf reier  SaizIOeungen  suf 
n-wachsene  Kalkschwamme  iind  aof  Entwicklungsstadien  denelben.  Ar- 
diiv  fur  Entwicklungamechanik  der  Orguuamen,'   Bd.    XXII.,   Heft  4, 

December,  190(i.: 
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marked  degenerative  changes,  wfaich  may  be  of  such  a  char- 
acter that  the  liring  tissue  quite  separates  from  the  skeleton 
and  breaks  up  into  compact  cords  of  cells  showing  active 
amoeboid  phenomena.  The  cords  further  constrict  into 
rounded  masses  the  likeness  of  which  to  gemmules  is  pointed 
out.  Maas  states  that  he  is  not  yet  in  a  position  to  say 
whether  these  masses  have  the  power  to  transform  into 
sponges,  but  adds  that  some  of  his  observations  induce  him 
to  t>e1ieve  that  this  is  possible. 

It  is  evident  that  Maas,  working  on  very  different,  forms, 
has  independently  met  with  the  same  degenerative-regenera- 
tive phenomena  as  are  described  in  this  communication,  the 
essential  facts  of  which  were  presented  (together  with  an  ex- 
hibit of  geipmule-like  degeneration  masses  and  young 
sponges  into  which  such  masses  had  transformed)  at  the  re- 
cent December  meeting  of  the  American  Society  of  Zoolo- 
gists. I  may  add  that  more  than  two  years  ago  at  the  end  of 
the  summer  of  1904,  in  my  official  report  (unpublished  since 
the  research  was  still  in  progress)  to  the  Bureau  of  Fisheries 
■  on  the  investigation  under  my  charge,  I  described  the  degen- 
erative phenomena  in  Mtcroctona  and  Stylotella,  i.  e.,  the  for- 
mation under  certain  conditions  of  confinement  of  minute 
masses  presenting  a  likeness  to  gemules,  and  emphasized  the 
probability  that  these  masses  were  able  to  regenerate  the 
sponge.  It  was  not,  however,  until  the  summer  of  1906  that 
I  was  able  to  demonstrate  the  truth  of  this  view. 

University  of  North  Carolina, 
Chapbi.  Hill,  N.  C, 
February  16,  1907. 
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THE  CONDENSATION  OF  CHLORAL  WITH  PRIMARY 
AROMATIC  AMINES.    II.* 


BT   ALVIN  S.  WHRBLBB. 


A  number  of  condensation  products  of  chloral  with  primary 
aromatic  amines  have  already  been  described.  The  first  men- 
tion of  such  a  reaction  is  probably  that  of  Maumen^'  who 
hoped  to  obtain  indigotine  by  the  action  of  chloral  (2  mols. ) 
upon  aniline  (3  mols.).  His  product  was  a  brownish  black 
uncrystallizable  substance  containing  no  chlorine.  SchiS 
and  Amato*  first  describe  a  condensation  product  of  chloral 
(1  mol.)  and  aniline  (2  mols.)  with  the  formula 

CC1,CH(NHC.H,).. 

la  the  same  year  Wallach'  describes  this  compound.  Later* 
he  gives  a  full  description  of  the  products  obtained  from 
aniline,  p-toluidine,  and  a  sample  of  xylidine  boiling  at  212''- 
216°.  Eibner*  studied  the  condensation  of  chloral  with  p-ni- 
traniline,  m-chloraniline,  p-chloraniline,  and  1,  2,  4-diclilor- 
aniline  and  showed  that  1,  2,  4,  6-trichIoraniliiie  and  2,  6-di- 

•Contribution  from  the  Chemical  L^boratorj  of  the  Univeraity  of  North 
Carolina. 

l(Ber.  3.  246,  (1870)J. 

<{Gan.  chim.  ital.  1,376  (1871)]. 

B(Ber.  4.  668). 

*(Aim.  173,274). 

H&aa.  302,236). 
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chlor-4-aitratiiUtie  do  not  react.  Wheeler  and  Weller*  pre- 
pared the  o-  and  m-nitraniline  compounds  and  Wheeler  and 
Daniels'  showed  that  only  addition  products  could  be  obtained 
with  the  naphthylamines.  Nietnentowski  and  Orzechowski* 
found  that  one  molecule  of  chloral  condensed  with  one  mole- 
cule of  anthranilic  acid  but  later*  obtained  the  expected 
diphenamine  compound.  Finally  Riigheimer"  describes  the 
compounds  with  o-  and  p-phenjienediamine  and  1,  2,  4-  and 
1,  3,  4-tolujlenediamine.  He  also  states  that  only  addition 
products  are  obtained  with  the  naphthylamines. 

The  chloral  diphenamine  compounds  vary  considerably  in 
stability.  Most  of  them  may  be  kept  for  years.  They  pos- 
sess great  crystallizing  power.  Their  behavior  toward 
alkalies  is  variable.  The  aniline  derivative  is  decomposed 
by  alcoholic  potash  into  aniline,  chloroform  and  phenyl  cya- 
nide according  to  Wallacb.  The  p-nitraniline  derivative  is 
converted  by  alcoholic  potash  into  an  hydroxy  compound,  one 
chlorine  being  replaced  by  the  hydrozyl  group  according  to 
Wheeler  and  Glenn'.  They  are  not  stable  in  the  presence  of 
strong  mineral  acids.  These  split  the  compound  so  as  to  re- 
form the  amine.  Eibner  has  shown  that  boiling  acetic  anhy- 
dride and  benzoyl  chloride  give  the  acetyl  or  benzoyl  deriva- 
tive of  the  original  amine.  I  have  found  that  all  of  them 
react  with  great  readiness  with'  bromine  in  the  cold.  There 
is  a  substitution  of  one  hydrogen  atom  in  those  which  have 
been  analyzed.  This  substitution  probably  occurs  in  the 
methylene  group  of  the  chloral  residue. 

With  the  exception  of  the  anathranilic  acid  products  the 
following  are  thought  to  be  new. 


«(Jr.  Am.  Oiem.  Soc.  24,  1063). 
1(Jr.  EUstia  Mitchell  Sui.  Soc.  22,  90  (lUOO). 
B(Ber.  28,2813). 
■(Bct.  35,  3898). 
i<l(Ber.  3U,  1063). 
l(Jr.  EliahA  MitcheU  Mci.  Soc.  10,  «3,  1903). 
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Chlobai,  and  p-Broiiahhinb. 

7  rich  lorethylidenedi-p-brompkenam  ine, 

CCl,CH(NHBrC,Hj.. 

With  C.  W.  Miller.  Ten  grams  of  p-bromaoiline  were  dis- 
solved in  50cc  benzene  and  8  grams  of  chloral  (4.2  grams 
required  by  theory)  in  lOcc  benzene  were  added.  The  mix- 
ture was  concentrated  one-faalf  on  the  water  bath  and  cooled. 
A  white  flocculent  precipitate  came  down.  This  gave  a 
melting  point  of  135°.  On  further  evaporation  a  second  crop 
was  obtained,  showing  a  melting  point  of  119°.  By  several 
recrjstallizations  from  benzene  the  melting  point  was  raised 
to  140°.    The  yield  of  the  crude  product  was  quantitative. 

Analysis: 

0.1S88g  substance  gave  0.2049g  CO,  and  0.0352g  H,0. 
0.1638g  substance  gave  9cc  nitrogen  at  15°  and  7S5mm. 
0.0890  substance  heated  with  0,3274g  AgNO^  required 

9.8CC  NH^SCN  (Ice  =  0.0173g  AgNO,). 


Calculated  for 

C„H„N.Cl,Br. 

Found 

Carbon 

35.45 

35.03 

Hydrogen 

2.34 

2.46 

Nitrogen 

5.93 

6.38 

Chlorine  +  bromine 

56.24 

55.58 

Trichlorethylidenedi-p-bromphenamine  consists  of  fine  col- 
orless needles,  melting  at  140°  and  decomposing  at  205" .  It 
is  extremely  soluble  in  alcohol,  acetone,  glacial  acetic  acid 
and  hot  benzene.  It  is  sparingly  soluble  in  cold  benzene  and 
insoluble  in  ligroin.  It  is  readily  purified  by  using  a  mixture 
of  benzene  and  ligroin.  It  is  not  decomposed  by  boiling 
water  but  is  split  by  boiling  concentrated  hydrochloric  acid 
with  the  regeneration  of  p-bromaniline.  A  bromo  derivative 
is  easily  obtained  by  adding  bromine  to  a  glacial  acetic  acid 
solution.    The  product,  ctmsisting  of  plates,  melts  at  203° 
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after  several  recrystalliaations  from  glacial  acetic  acid. 
DetermiaatioDS  of  carbon,  hydrogen  and  nitrogen  give  very 
satisfactory  figures  for  a  in3nobrom  compound.  A  study  of 
its  constitution  is  under  way.  Chlorine  gives  a  similar  reac- 
tion. The  product,  crystallizing  in  long  colorless  needles, 
melts  at  *^3''  after  recrystallization  from  glacial  acetic  acid. 
Analysis  indicates  a  monochlor  derivative.  These  t>odies  will 
be  described  in  a  later  paper. 

Chloral  and  o-AmsmiNB. 

Tricklorethylidenedi-o-methoxyphenamine, 

CC1,CH(NH0CH,C.H,).. 

With  W.  S.  Dickson.  Two  molecules  (12.3g)  of  o-anisi- 
dine  were  dissolved  in  50cc  benzene  and  one  molecule  (7.3g) 
of  chloral  were  added.  After  warming  a  short  time  on  the 
steam  bath  a  separation  of  colorless  needles  occurred.  These 
decomposed  at  about  215°  and  weighed  0.05g.  On  concen- 
tration of  the  filtrate  in  a  dessicator  a  mass  of  fern-like  crys- 
tals was  obtained  mixed  with  a  thick  liquid.  After  filtering 
the  crystals  were  pressed  on  a  porous  tile.  The  product  was 
white,  melted  at  112°-114°  and  weighed  9.7  grams.  On  re- 
crystallizing  from  beaseae  the  melting  point  was  raised  to 
121°.  The  thick  liquid  finally  solidified,  considerably  in- 
creasing the  yield. 

Analysis: 
0.2000  gram  substance  gave  0.2294  gram  AgCl. 
1.0000  gram  substance  gave  0.073  gram  nitrogen  (Kjel- 
dabl). 

Calculated  for 

C^H„0.N.C1,  Pound 

01  28.35  28.35 

N  7.47  7.30 

Trichlorethylidenedi-o-methozyphenamine  crystallizes  from 

ligToin  or  benzene  in  magnificent  rhombohedra,  from  one 
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quarter  to  one  half  incfa  lon^,  always  with  a  slig'ht  yellow 
color.  It  is  easily  soluble  in  cold  beazene  and  carbon  tetra- 
chloride and  hot  frlacial  acetic  acid.  It  is  slightly  soluble  in 
cold  Heroin  and  fairly  soluble  in  hot  ligroin.  It  crystallizes 
from  alcohol  in  long'  slender  prisms.  One  hundred  cubic  cen- 
timeters of  boiling  alcohol  will  dissolve  approximately  7 
grams  and  at  25°  about  2.5  grams*  It  is  insoluble  in  and 
unchanged  by  boiling  water.  When  boiled  in  concentrated 
hydrochloric  acid  the  odor  of  chloral  could  be  detected  in  the 
vapors.  A  bromo  derivative  is  readily  obtained  by  adding 
bromine  to  a  concentrated  glacial  acetic  acid  solution.  The 
crystals  occur  in  clusters  of  needles  and  decompose  at  about 
230°.    This  compound  is  being  further  investigated. 

Chloral  and  p-Anisidinb. 

Trichhrethvlidenedi-ptnetkoxyphenamine, 

CCl^CH  ( NHOCH,C.H.).. 

To  a  solution  of  12.3  grams  p-anisidine  in  20cc  benzene  (a 
nearly  saturated  solution)  is  added  7.3  grams  chloral.  The 
solution  turns  to  a  dark  red  color  at  once,  much  hoat  is  devel- 
oped and  a  deposition  of  0.22  gram  small  colorless  crystals 
occurs.  These  decompose  at  about  215°  as  in  the  case  with 
o-anisidine.  After  filtering,  the  reaction  mixture  is  boiled 
15  minutes  and  then  allowed  to  stand  several  hours.  An 
abundant  crystalline  precipitate  is  formed.  .  After  filtering 
and  pressing  on  a  clay  plate,  the  product  melted  at  115°  and 
weighed  10.5  grams.  A  further  yield  was  obtained  from  the 
mother  liquor.  Purification  was  effected  by  using  the  mixed 
solvent,  benzene  and  ligroin.  The  melting  point  was  raised 
to  118°-120°. 
Analysis: 

0.2087  gram  substance  gave  0.2398  gram  AgCI. 
Calculated  for 

C,.H^6.N.C1,  Found 

CI  25.35  28.41 
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The  para  compound  crystallizes  from  ligroin  in  brilliant 
scales,  showing  a  strong'  pink  color  in  the  mass.  It  melts  at 
IIS'-IZO*  and  decomposes  at  158°.  It  is  fairly  soluble  in 
cold  benzene,  alcohol  and  ether.  It  is  readily  soluble  in  gla- 
cial acetic  acid,  hot  benzene  and  hot  alcohol.  The  hot  alco- 
hol solution  emits  a  most  disagreeable  odor  and  on  spontane- 
ous evaporation  to  dryness  a  jet  black  crystalline  mass 
remains.  It  is  very  slightly  soluble  in  cold  ligrotn  and  not 
readily  in  hot  ligroin.  On  treatment  with  bromine  in  glacial 
acetic  acid  solution  a  crystalline  product  is  obtained  which 
blackens  at  about  198°.  This  compound  will  be  studied 
further. 

Chloeal  and  Anthranilic  Acid. 

The  product  obtained  in  this  case  depends  upon  the  pro- 
portions used.  One  molecule  of  chloral  will  condense  with 
one  or  two  molecules  of  anthranilic  acid  with  the  elimination 
of  one  molecule  of  water.  The  two  products  have  been  de- 
scribed by  Niementowski  but  his  method  yields  a  mixture 
and  we  have  improved  upon  it  since  we  wish  to  make  the 
compounds  in  quantity  in  order  to  study  their  bromo  deriva- 
tives. 

Trichhrethylidene-o-aminobenzoic  Acid, 

CCl3CHNC.H^COOH. 

With  v.  S.  Dickson.  Five  grams  of  anthranilic  acid  were 
dissolved  in  40cc  boiling  benzene  (a  saturated  solution)  and 
5.5  grams  chloral  in  tOcc  benzene  were  added.  The  weights 
are  in  the  proportion  of  one  molecule  to  one  molecule.  The 
mixture  was  boiled  under  a  reflux  condenser  for  |three  hours, 
filtered  from  a  small  precipitate  and  then  cooled.  A  crystal- 
line deposit,  weighing  5.0  grams  and  melting  at  148M51°, 
separated.  The  crystals  were  large  elongated  tables,  occur- 
ing  in  clusters.  From  the  filtrate  was  obtained  3.0  grams  of 
material,  melting  at  145°-150°.  Several  recrystallizations 
from  benzene  raised  the  melting  point  to  152°.     Niementow- 
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ski  and  Orzechowski'  prepare  this  compound  without  the  ase 
of  anj  solvent.  They  use  an  excess  of  chloral  and  g-et  ser- 
eral  by-products.  We  have  tried  their  method  but  have 
employed  theoretical  proportions.  Even  so  we  get  the  same 
by-products.  We  set  the  mortar  in  a  block  of  ice  and  rapidly 
Gtirred  together  the  previously  cooled  substances.  The  mix- 
ture liquefied  and  then  rapidly  became  very  hard.  This  pro- 
duct decomposed  at  about  127°,  after  two  hours  on  ice  at  124" 
and  after  three  hours  more  at  room  temperature  at  118°.  It 
was  rubbed  up  with  a  little  water' and  filtered.  The  decom- 
positicHi  point  rose  to  135°.  Now  taking  advantage  of  the 
marked  difference  in  solubility  in  benzene  of  the  mono-  and 
di-compounds  (not  observed  by  Niementowski)  we  extracted 
the  crystalline  mass,  weighing  8.2  grams,  with  45cc  Iwiling 
benzene.  From  the  extract  there  separated  a  mass  of  color- 
less needles,  weighing  3.7  grams  and  melting  149°-152°, 
hence  nearly  pure  mono-compound.  On  evaporating  the  fil- 
trate a  residue  was  obtained,  weighing  1.3  grams  and  melting 
at  160°,  a  good  quality  of  the  dt-compouud.  A  second  ex- 
traction was  made  with  33cc  of  boiling  benzene.  On  cooling 
this  yielded  a  product  weighing  0.8  gram  and  melting  at  162°, 
and  a  residue  at  157°.  There  still  remained  an  insoluble 
residue,  dark  purple  in  color.  These  results  are  in  marked 
contrast  to  those  obtained  by  our  method  of  boiling  in  t>en- 
zene,  for  we  get  practically  only  the  mono-compound  and 
consequently  a  much  larger  yield. 
Anplysis: 
0.2000  gram  substance  gave  0.3189  gram  AgCl. 


Calculated  for 

C,H,O.NCl, 

Pound 

39.92 

39.43 

On  treating  a  glacial  acetic  acid  solution  of  this  compound 
with  In-omine  a  bromo  derivative  is  obtained  in  large  quan- 
tity.    On  cooling  a  hot  glacial  acetic  acid  solution  it  deposits 


i(Ber.  28,  2812). 
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in  clusters  of  fern-like  crystals   which   decompose   at    237°. 
This  body  is  under  investigation. 

Trick  lorethylidenedi-o-am  tnobemoic  A  cid, 
CCl,CH(NHC,H.COOH).. 
Five  gframs  (2  molecules)  anthranilic  acid  in  40cc  boiling 
benzene  were  treated  with  2.9  grams  (1  molecule)  chloral  in 
lOcc  benzene  and  boiled  under  a  reflux  condenser  for  three 
hours.     During  the  boiling  there  separated  3.25  grams  of  the 
di-compound,   melting  at  164M65'*.    On  cooling  a  further 
yield  of  0.6  gram  was  obtained.    On  evaporation  to  dryness 
the  residue  was  found  to  weigh  4.0   grams   and   to  melt   at 
157".     The  pure  body  melts  at  165".     The  method  of  Nie- 
mentowski'  was  tried  and  although  found  to  be  better  than 
for  the  preparation  of  the  mono-compound  it  gave  a  smaller 
yield  than  our  method  and  a  larger  amount  of  unknown  col- 
ored by-products. 
Analysis: 
0.5000  gram  substance  gave  0.0410  gram  NH,  (Kjeldahl). 
0.2000  gram  substance  gave  0.2113  gram  AgCl. 
Calculated  for 

C^H.p,N,CI,  Found 

N  6.96  6.76 

CI  26.11  26.10 

The  di-compound  consists  of  a  crystalline  powder  and  may 
be  purified  by  precipitating  its  ether  solution  with  ligroin. 
Upon  boiling  eight  hours  with  acetic  anhydride  and  cooling, 
a  crystalline  substance  deposits,  melting  at  183"  and  crystal- 
lizing from  benzene  in  needles.  This  corresponds  to  acetyl- 
o-aminobenzoic  acid.  On  treating  a  glacial  acetic  acid 
solution  with  bromine  there  is  almost  instantly  obtained  a 
heavy  precipitate  which  after  recrystallization  from  glacial 
acetic  acid  melts  with  decomposition  at  236°.  This  behavior 
is  surprisingly  like  that  of  the  bromo  derivative  of  the  mono- 
anthranilic  acid  compound. 

HBer.  36,  3896). 
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CHtOBAL  AND  O-TOLOIDINK 
TricMoreihylidenedi-o-tolamine, 

CCl^CH  (NHC.H.CH,),, 

With  Strowd  Jordan.  Chloral  and  o-toluidiae  were  broug'bt 
directly  together  in  the  proportion  of  one  molecule  to  two 
molecules.  No  advantage  was  found  in  using  benzene  as  a 
solvent.  19,3  grams  chloral  were  added  to  28  grams  of  o-tol- 
uidine,  the  mixture  turned  dark  red  and  the  temperature  rose 
to  80°.  After  standing  for  some  time,  often  over  night,  a 
quite  hard  crystalline  cake  formed.  This  was  dissolved  up 
in  ether  or  successively  extracted  with  benzene.  In  either 
case,  a  small  residue  weighing  0.7  gram  remained.  This 
was  pale  greenish  in  color  and  melted  at  213°.  The  main 
product  of  the  reaction  was  recrystallized  from  ether  until 
the  melting  point  reached  80°. 

The  yield  was  70  per  cent  of  the  theory. 

Analysis: 
0.1763  gram  substance  gave  0.2194  gram  AgCl. 
0.2000  gram  substance  required  0.2915  gram  AgNO^: 
0.2000  gram  substance  required  0.2973  gram  AgNO,. 

Calculated  for 
C„H^N,CI,  Found 

01  30.95        30.77  30.40  30.%. 

The  Stepanow  method'  was  employed  in  the  second  and 
third  analyses  and  found  to  be  extremely  convenient.  With 
some  of  our  compounds  we  have  found  it  impracticable  on 
account  of  the  deep  color  of  the  solution.  We  found  it  advis- 
able to  adopt  the  suggestion  of  RosanofF  and  Hill*  and  filter 
off  the  silver  chloride  before  titrating. 

Trichlorethyltdenedi-o-tol amine  crystallizes  in  very  long 
silky  needles.     It  is  not  very  stable  in  solution  or  when  ex- 

i(Ber.  39.  4066). 

>(Jr.  Am.  Gbem.  Soc.,  2fl,  26»). 
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posed  to  the  ligbt.  It  is  decomposed  by  water  Into  chloral 
and  o-toluidine.  It  is  soluble  in  cold  alcohol,  ether,  acetone, 
chloroform,  carbon  tetrachloride,  carbon  disulphide  and  gla- 
cial acetic  acid.  It  is  soluble  in  hot  ligroio,  benzene  and 
methyl  alcohol.  The  pure  substance  melts  at  S0°  and  will 
melt  repeatedly  at  that  temperature.  A  bromo  derivative  is 
readily  obtained  in  glacial  acetic  acid  solution.  It  forms  sil- 
very white  plates  which  melt  with  decomposition  in  the 
neighborhood  of  268°. 

Physiological   Action. 

We  were  led  to  a  study  of  the  physiological  action  of  the 
trichlorethylidenedi-o-tolamine  by  an  accidental  observation. 
Mr.  Jordan  unintentionally  got  a  small  quantity  in  his  mouth 
and  within  a  few  hours  there  followed  a  marked  physiologi- 
cal action.  A  preliminary  test  has  been  made  upon  two  rab- 
bits.  Dr.  William  DeB.  MacNider  of  this  University  kindly 
carried  out  the  test  for  us  in  the  pharmacological  laboratory 
of  the  University  of  Chicago.  A  5  per  cent  dilute  alcoholic 
solution  was  employed.  This  was  first  used  in  lOcc  doses, 
intravenously.  It  produced  at  first  a  slow  heart  action  ac- 
companied by  a  slight  fall  in  blood  pressure.  Following  this 
initial  change  the  respirations  t>ecame  accelerated,  the  heart 
action  fast  and  the  fall  in  blood  pressure  much  more  pro- 
nounced. Doses  of  2Scc  given  by  the  stomach  caused  the 
animal  to  become  drowsy,  inactive  and  imperfectly  responsive 
to  stimuli.  The  respirations  were  accelerated.  One  rabbit 
returned  to  a  normal  condition  in  six  hours.  The  other  ani- 
mal, receiving  the  drug  by  the  stomach,  died  apparently  from 
respiratory  failure.  A  more  complete  study  is  under  way 
upon  a  large  number  of  rabbits.  This  study  will  be  extended 
to  other  diphenamine  derivatives  of  chloral. 

Chapel  HiU,  N.  C. 
Oct.  16.  1907. 
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RECENT    CHANGES    IN  GOLD  MINING  IN  NORTH 

CAROLINA  THAT  HAVE  FAVORABLY  AFFECTED 

THIS    INDUSTRY 


r  JOSEPH   HYDE  PBATT  AND   A,   A.   STBBL  * 


Before  taking  up  an  account  of  the  changes  that  have  been 
recently  introduced  in  ^old  mining  in  North  Carolina,  it  may 
be  of  interest  to  mention  some  of  the  causes  for  failure  in  the 
profitable  mining  of  gold  in  this  State,  as  the  changes  to  be 
described  hav  to  some  extent  at  least  modified  and  lessened 
the  chances  for  failure. 

Many  of  the  causes  of  failure  in  North  Carolina  gold  min- 
iag  can  be  traced  to  a  lack  of  adequate  capital,  which  pre- 
vents mining  from  being  conducted  in  the  most  economic 
manner.  O  ne  of  the  most  noticeable  of  these  is  the  tendency 
to  sink  the  shafts  but  15  to  30  feet  before  driving  a  new 
level  and  then  sloping  out  a  smalt  block  of  ground  instead  of 
having  the  levels  from  75  to  100  feet  apart.  Since  a  ton  of 
ore  removed  in  driving  the  level  even  in  a  wide  vein  will  cost 
fully  twice  as  much  as  a  ton  of  ore  in  sloping,  it  is  obviously 
more  economical  to  have  as  few  levels  as  possible.  It 
it  becomes  dificult  to  make  the  raises  more  than  100  feet  and 
is  expensive  to  get  men  and  timbers  into  much  higher  slopes. 
Therefore,  the  levels  shauld  not  be  over  100  feel  apart.  In  a 
narrow  vein  where  much  waste  could  be  left  in  a  slope,  the 
economy  is  greater.  Somewhat  similar  to  this  is  the  habit  of 
sinking  a  number  of  shafts  close  together  instead  of  only 
one  or  two  on  a  vein.    This  is  not  so  bad  for  working  ore 

■Publiahed  with  the  permissioa  of  the  State  G«ologist  of  North  Carolina 
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near  the  surface,  but  becomes  very  expensive  as  the  mine 
gets  deeper,  especially  when  hoisting  machinery  is  required 
on  each  shaft.  This  is  partially  explained  by  the  fact  that 
many  of  the  old  mines  have  been  worked  at  very  irregular 
intervals  and  the  old  shafts  have  become  caved  in  during  the 
period  of  idleness. 

Sven  th<«e  mines  having  capital  are  often  badly  managed. 
They  frequently  put  in  machinery  of  unnecessarily  large 
capacity,  not  realizing  that  a  very  small  engine  and  bucket 
can  easily  get  out  10  or  15  tons  of  ore  per  day  and  keep  a  five 
stamp  mill  busy.  There  are  many  little  mines  that  could 
pay  a  profit  under  careful  management  with  five  stamps  and 
running  only  one  shift;  but  some  of  them  have  engines  big 
enough  to  hoist  four  times  as  much  ore.  Since  the  engineer 
and  top  men  must  be  there  all  the  time,  there  is  no  economy 
in  operation  but  may  even  be  a  loss,  since  the  engine  cannot 
work  steadily  and  fuel  is  wasted  keeping  up  a  big  fire;  and' 
of  course,  the  first  cost  is  gieater.  If  the  mine  ever  gets 
much  too  big  for  the  small  engine,  it  can  be  used  in  prospect- 
ing or  underground  work. 

A  great  many  shafts  are  much  to  big.  It  ts  not  uncommon 
to  see  a  little  bucket,  30  inches  accross  dangling  in  the  mid- 
dle of  a  hoisting  compartment  6  feet  square  in  the  clear.  It 
is  considerably  cheaper  to  sink  a  shaft  with  compartments 
only  4  feet  square  in  the  clear  and  when  the  hoisting  compart- 
ment is  smoothly  lined  with  plank  (  to  assist  ventilation  ),  or 
fitted  with  guides,  it  has  jnst  as  great  a  capacity  —  usually 
more  than  enough  for  the  output  of  the  mine.  If  necessary, 
the  hoisting  capacity  of  a  shaft  may  be  greatly  increased  at 
any  time  by  putting  in  a  tall  bucket,  or  better  a  self-dumping 
skip  and  high  speed  engine.  The  ladder  and  pipe  compartment 
is  often  as  big  as  6  by  8  feet.  Since  the  cheaper  and  better 
direct  acting  steam  pump  would  now  be  placed  in  a  shaft, 
instead  of  the  clumsy  and  bulky  Cornish  pump,  the  water, 
steam  and  compresed  air  pipes  take  up  very  little  room.  It  is 
now  customary  to  put  in  slanting  ladders  between  landings 
some  distance  apart.      They  can  almost  as  well  be  a  little 
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steeper  and  sborter  and  go  in  a  smaller  space.  The  men  will 
always  ride  up  in  a  bucket,  fitted  with  a  crosshead  running 
in  praper  ^ides  or  ninniagf  in  a  closely  planked  compart- 
ment if  the  shaft  is  crooked.  Therefore,  the  ladderway  is  an 
emergency  exit  only  and  a  good,  continuous  vertical  ladder 
securely  fastened  against  one  wall  of  the  compartment  is  all 
that  is  needed,  and  the  compartment  for  ladder  and  pipes 
may  seldom  need  be  over  3  by  4  feet.  The  two  compartments 
and  the  division  between  them  then  need  be  only  4  by8  or  i}4 
by  7  feet  inside.  Besides  being  much  more  cheaply  and 
rapidly  sunk,  the  small  shaft  need  not  he  so  heavily  timbered, 
since  the  shorter  timbers  are  stronger  and  the  earth  pressure 
tends  to  arch  around  the  shaft  instead  of  coming  fall  upon 
the  timbers.  On  the  other  hand,  the  first  6  by  10  feet  (  Syi 
by  12^  feet  outside  timbers)  shaft  at  the  Montgomery  Mine, 
at  Candor,  Montgomery  County,  became  useless  after  atwut  5 
years  from  the  buckling  of  the  timbers,  although  splendidly 
timbered  with  12  by  12  inch  oak  sets,  which  showed  no  signs 
of  decay. 

There  is,  of  course,  very  seldom  any  need  for  more  than 
one  hoisting  compartment,  since  the  saving  in  power  will 
only  pay  for  the  greater  expense  of  engine  and  shaft  when  a 
large  amount  of  ore  ts  to  t>e  hoisted  from  considerable  depth. 
When  a  single  large  skip  will  handle  all  the  ore,  there  is  no 
need  of  putting  in  another  to  remain  idle  half  the  time. 

Timber  framing  for  shafts  and  tuunel  sets  is  often  unnec- 
essarily complicated  and  the  carpenter  must  waste  mnch  time 
chiselling,  when  simple  notches  laid  off  with  a  square  and 
cut  by  saws  arc  often  stronger  and  always  more  easily  made. 

The  most  disastrous  error  is  usually  great  haste  in  putting 
in  a  mill  or  smelter.  It  seems  that  the  first  thing  that  many 
miners  think  of  after  finding  a  little  good  ore  Is  to  stop  work 
in  the  mine  and  put  in  a  mill;  so  there  are  mills  which  have 
been  able  to  run  less  then  a  month  before  the  mine  was  ex- 
hausted. There  is  usually  a  neighboring  mill  to  which  tba 
ore  might  as  well  have  been  hauled.  It  is  seldom  that  tests 
are  made  to  tell  what  sort  of  a  mill  and  treatment  is  adapted 
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to  the  ore.  Unless  the  ore  body  is  large,  no  mill  should  be  in- 
stalled until  the  chanffed  ore  below  the  water  level  has  been 
tested. 

In  North  Carolina  there  seem  to  be  only  a  few  miners  who 
deceive  themselres  by  assaying  the  rich  streak  and  assuming 
that  the  entire  streak  will  be  equally  as  good.  The  general 
principles  of  sampling'  the  entire  body  seem  to  be  well  under- 
stood, although  it  is  not  -always  done  as  accurately  as  it 
should  be. 

Even  when  good  ore  occurs  in  paying  quantities  the  miner 
frequently  builds  a  mill  that  is  too  large;  For  there  is  only  a 
little  extra  expense  in  increasing  the  size  of  the  mill  after  it 
has  been  running  awhile  instead  of  building  a  large  mill  all  at 
once.  So  there  is  little  excuse  for  assuming  the  greater  risk 
of  a  large  mill.  There  is  less  loss  of  gold  in  adjusting  a 
small  mill. 

One  agreeable  exception  to  the  practice  of  building  a  mill 
before  the  mine  is  sufficienty  developed  is  seen  in  the  work  of 
the  Whitney  Company,  who  have  carefully  tested  and 
explored  a  number  of  mines.  Many  of  the  options  were  given 
up  of  course.  At  the  old  McMakin  Mine  at  Gold  Hill,  as 
explorations  proved  the  value  of  the  mine,  the  contemplated 
scale  of  working  was  gradually  increased.  When  the  small 
shafts  of  the  upper  levels  were  deepened,  the  lower  parts 
were  made  large  enough  for  balanced  hoisting  and  the  small 
part  will  be  enlarged  later.  In  the  meantime  most  careful 
sampling  and  assaying  was  done  and  when  enough  ore  had 
been  blockedout,  careful  mill  tests  were  made  chiefly  upon  the 
material  obtained  from  drifts.  In  this  way  a  total  of  4,950 
tons  of  ore  was  run  through  the  little  mill  00  the  ground; 
careful  records  of  everything  gave  an  average  recovery  of 
$4.52  of  gold  on  the  plates  and  only  $0.34  per  ton  as  a  concen- 
trate worth  but  $5.03  per  ton  and  $0.83  per  ton  in  the  tail- 
ings. These  tests  made  clear  that  the  most  economical 
method  is  simple  amalgamation,  giving  a  saving  of  about  80 
per  cent  of  the  gold,  with  no  attempt  to  concentrate  and  treat 
the  concentrates. 
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The  two  main  shafts  are  down  800  feet  asd  another  is  400 
feet  deep,  with  the  levels  averaging'  over  700  feet  long. 
This  work  shows  a  vein  averaging  14  feet  wide  and 
gives  a  million  and  a  half  tons  of  ore  blocked  out  ready 
to  stope,  and  which  will  yield  $2.50  per  ton  by  amalgamation. 
They  have  accordingly  planned  a  mill  large  enough  to  treat 
1,000  tons  of  ore  per  day,  making  the  estimated  total  cost  of 
mining,  milling  and  transporting  the  ore  only  $1.48  per  ton. 
They  are  now  waiting  for  the  completion  of  their  water- 
power  plant  before  building  the  mill  and  since  they  have  suf- 
ficient ore  blocked  out,  the  mine  has  been  idle  and  full  of 
water  since  the  spring  of  1905.  The  intention  is  to  keep  a 
reserve  of  500,000  tons  of  ore  in  advance  of  the  sloping. 

The  Bonnie  Doone,  or  Old  Smart  Mine,  has  also  been  prop- 
erly developed  by  Mr.  J.  C.  Bates,  a  former  owner  of  the 
Howie  Mine.  The  old  SO  foot  shaft  has  t>een  deepened  to  200 
feet,  with  levels  125  feet  long  at  60  feet,  100  feet  at  120  feet. 
160  feet  at  186  feet.  The  ore  obtained  from  these  workings 
is  now  piled  in  a  large  dump  estimated  to  contain  3,000  tons. 
And  before  the  mill  was  planned,  this  was  carefully  sampled 
by  a  competent  mining  engineer,  who  dug  deep  trenches 
across  it  and  found  it  to  average  $15.00  per  ton.  Of  course  a 
great  deal  of  the  same  quality  of  ore  has  been  blocked  out  in 
the  mine.  There  are  at>out  500  tons  in  another  dump  of 
material  which  came  from  work  in  the  walls  and  is  chiefly 
slate  but  contains  a  few  of  the  veinlets  and  masses  of  milky 
quartz,  and  is  said  to  assay  about  $1.50  per  ton.  It  has  been 
kept  out  of  the  good  ore  at  only  a  nominal  expense.  The 
mill  has  not  been  built  on  account  of  the  continued  sickness 
of  the  owner,  so  there  is  no  machinery  at  the  mine  except  the 
sufficiently  large  prospecting  hoist. 

As  an  example  of  a  mill  too  large  for  the  development  may 
be  mentioned  the  Reimer  Mine,  near  Salisbury.  Here  a  20 
stamp  mill  with  chlorination  failed  simply  because  no  ore 
at  all  had  been  blocked  out  and  it  could  not  be  mined  rapidly 
enough  to  keep  the  mill  going.  An  examination  of  the  mine 
by  the  late  Mr.  Parker,  mining  engineer  for  the  Whitney 
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Company,  showed  a  remarkably  continuous  vein,  averaging 
3%  feet  wide  and  carrying  $7.50  in  gold. 

Mr.  Parker  planned  to  develop  the  mine  so  that  it  might 
easily  yield  50  tons  per  day,  so  the  total  cost  of  mining  and 
treating  the  ore  would  be  about  $4.50  per  ton,  which  includes 
depreciation,  etc. 

The  general  custom  of  having  no  reserves  of  ore  blocked 
out  prevents  conservative  mining  men  from  investing  in  them, 
since  there  is  no  way  of  determining  the  value  of  the  vein 
unless  it  is  opened  up.  It  would  be  much  better  to  spend  the 
cost  of  a  premature  mill  in  developing  ore  so  that  there  would 
be  no  difficulty  in  securing  capital  or  selling  the  mine  to 
advantage. 

It  is  also  quite  customary  to  extract  all  of  the  ore  by  under- 
hand stoping.  This  t>ecomes  very  expensive  when  the  vein 
is  so  narrow  that  some  of  the  wall-rock  must  be  broken  to  . 
make  room,  or  when  the  vein  contains  much  barren  rock. 
All  of  this  waste  material  must  then  be  hoisted  to  the  surface 
and  much  of  it  becomes  mixed  with  the  ore  in  the  bins  and 
chutes.  If  the  stopes  are  mined  upward  or  overhand,  all  the 
waste  can  be  left  in  them  supported  on  a  single  line  of  stuUs 
over  the  drift.  This  often  affords  a  scaffold  for  the  men  and 
so  saves  the  great  expense  of  putting  in  many  stulls.  In 
addition  a  large  block  of  filling  will  serve  as  a  pillar  to  hold 
the  walls  apart  so  no  ore  need  be  left  in  the  mine.  One 
excellent  mine  superintendent  said  that  the  reason  for  this 
was  the  fact  that  most  of  the  miners  are  more  properly  farm- 
ers and  cannot  drill  holes  upwards.  They  do  not  work 
steadily  enough  to  warrant  an  attempt  to  teach  them  how, 
even  though  skilled  men  prefer  to  drill  "uppers."  This 
objection  can  be  overcome  in  those  mines  having  air  drills 
for  driving  levels  by  installing  a  few  of  the  blockboling  or 
air  hammer  drills  which  may  be  held  in  one  band  and, 
besides  being  much  quicker,  can  l>e  worked  in  stopes  too  nar- 
row for  hammering  by  hand.  So  far  there  seems  to  be  none 
of  these  machines  in  North  Carolina,  although  they  are  be- 
coming standard  in  the  west. 
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When  the  mines  yield  rich  ore  in  narrow  streaks,  it  should 
be  hand-picked  before  g^oing  to  the  mill.  For  this  purpose 
the  Miami  Mining'  Company  have  installed  at  the  Phoenix 
Mine,  near  Concord,  Cabarrus  County,  an  ore  picker.  The  ore 
is  sorted  into  coarse  and  medium  material  b;  passing  through  a 
trommel,  where  it  is  also  washed  bj  a  spray  pipe.  It  then 
-passes  over  a  couple  of  belts  30  inches  wide  and  30  feet  long. 
A  number  of  boys  sit  along  these  belts  and  pick  out  the  waste, 
which  is  removed  by  another  belt,  while  the  good  ore  passes 
direct  to  a  Dodge  crusher.  The  dirt  and  fine  ore  removed  by 
the  water  is  raised  by  a  sand  pump  directly  to  the  battery. 
These  machines  would  not  pay  at  a  small  mine  where  an 
arrangement  like  that  at  the  Hercules  Mine  at  Cid,  Davidson 
County,  is  better.  Here  the  ore  is  dumped  from  the  skip  on 
to  a  slightly  elevated  platform,  where  it  is  washed  by  a 
stream  of  water  from  a  hose  and  the  waste  thrown  into  a  car 
standing  near,  as  the  good  ore  is  shovelled  into  a  car  for  tak- 
ing it  to  the  mill. 

Since  the  publication  of  Bulletins  Nos.  3  and  10  of  the 
North  Carolina  Geological  Survey,  there  have  been  a  number 
of  changes  in  mining  practiced  in  the  State,  which,  given  in 
the  order  of  their  probable  importance,  are: 

1.  The  application  of  machines  of  the  old  log  washer  type 
to  separate  gold  from  saprolites  as  is  now  being  practiced  at 
the  Shuford,  Empire,  Beaver  Dam,  Troy,  Sawyer  and  other 
mines. 

2.  The  introduction  of  square  set  timbering  in  the  extrac- 
tion of  soft,  deep  ore  bodies,  which  is  now  being  practiced  at 
the  Union  Copper  Mine  at  Gold  Hill. 

3.  The  introduction  of  the  cyanide  process  for  treating 
certain  sulphuret  ores,  which  has  been  practiced  on  the 
tailings  trom  the  lola,  Montgomery  and  Howie  mines. 

4.  The  introduction  of  self-dumping  skips,  picking  belts  etc 
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Log  Washers 

Perhaps  the  most  important  change  to  be  noted  in  gold 
mining  practice  in  North  Carolina  is  the  introduction  of  log 
washers  in  treating  many  of  the  saprolitic  ores  that  are  found 
quite  abundantly  throughout  many  portions  of  the  State. 
The  old  principle  of  the  log  washer  cannot  be  patented,  but 
the  machines  that  are  now  being  used,  known  as  modern  pul- 
verizing concentrating  machines,  possess  many  mechanical 
improvements  that  adapted  them  to  the  work  that  they  are 
called  upon  to  do. 

Bach  separate  unit  of  these  machines  consists  of  two 
improved  log  washers  running  at  high  enough  speed  to  read- 
ily disintegrate  the  soft  material  and  so  mix  the  clay  into  a 
fine  pulp  with  water  that  the  gold  can  readily  settle  to  the 
twttom.  Each  machine  is  essentially  a  long  trough  or  boiler 
plate  containing  a  revolving  cylinder  fitted  with  heavy  white 
iron  arms  set  spirally  so  that  the  ore,  while  being  hammered 
fine,  is  gradually  worked  to  the  discharge  end.  At  the  end 
of  the  first  washer,  the  larger,  hard  and  nearly  barren  quartz 
stones  are  removed  by  a  revolving  screen  and  belt  conveyor, 
this  being  done  to  save  wear  and  power  in  the  second  washer, 
where  the  gravel  is  still  further  reduced  in  size  and  more  gold 
settles  out.  The  gravel  that  remains  after  passing  the  second 
washer  is  removed  by  a  finer  screen  and  the  chief  pulp,  free 
from  stones,  passes  from  the  rifSed  sluices  about  three  feet 
wide  and  of  varying  lengths,  which  contains  mercury  to 
amalgamate  and  save  any  free  gold  that  does  not  settle  in  the 
machine. 

The  steel  troughs  are  about  2  feet  wide  by  2)4  feet  deep, 
the  first  being  18  feet  long  and  the  second  12  feet,  with  a 
semicircular  t>ottom  and  a  flat  wood  top.  The  revolving  cyl- 
inder is  made  of  an  8-inch  steam  pipe  carried  upon  a  heavy 
steel  shaft,  passing  through  stuffing  boxes  at  the  ends  of  the 
trough.  Wrought  iron  bars  reach  through  this  pipe  cross- 
wise and  project  about  3  inches  on  each  side  to  form  legs  to 
which  8J^  inch  cast  iron  arms  are  bolted  to  take  all  the  wear. 
There  is  about  4  inch  clearance  between  these  arms  and  the 
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bottom  of  the  troughs,  wbich  allows  the  formation  of  a  bed 
of  stones,  which  reduces  the  wear  on  the  bottom  and  helps 
save  the  gold.  This  bed  of  stones  is  of  course  more  or  less 
shaken  up  by  blows  from  the  large  fragments  of  quartz  and 
by  the  revolving  arms,  thus  permitting  the  gold  to  settle 
through  as  in  panning.  The  constant  striking  of  the  paddles 
against  the  surface  of  the  water  will  also  weight  and  sink 
some  of  the  float  gold.  The  discharge  end  of  the  machine  is 
set  6  inches  higher  than  the  feed  end  so  that  the  gold,  once 
down  amongst  the  pebbles  of  the  bed,  is  not  apt  to  be  pushed 
out. 

Ri£9es  of  the  sluices  are  made  'by  boring  inclined  auger 
holes  in  the  planks  laid  lengthwise  in  the  cement-Hned  sluice 
boxes.  Since  all  the  coaise  gravel  has  been  screened  out, 
there  is  little  wear  upon  the  riffles  and  the  fall  and  quantity  of 
water  are  less  than  in  the  regular  sluice  for  hydraulic  mining. 
In  cleaning  up,  the  planks  are  lifted  up  and  turned  over  and 
the  gravel  and  mercury  washed  to  the  end  of  the  sluice  where 
quicksilver  and  amalgam  are  washed  out  in  hand  pans. 
When  through  cleaning  up,  the  planks  are  simply  replaced 
and  the  riffles  filled  with  mercury  and  the  machine  started 
again. 

In  cleaning  the  washers,  which  is  usually  done  twice  a  week 
the  machines  are  stopped  and  all  the  gravel  within  washed 
out  with  a  hose  through  an  opening  in  the  bottom.  This 
gravel  is  then  panned  by  hand  and  the  gold  amalgamated. 
Any  nuggets  that  occur  in  the  rock  are  pounded  free  from 
quartz  and  are  then  also  amalgamated. 

The  amalgam  from  all  sources  is  strained  out  of  the  quick- 
silver and  then  retorted  and  the  bullion  sold. 

The  chief  wear  on  the  machine  is  the  arms,  which  under 
certain  conditions,  as  on  the  sharp  ore  at  the  Shuford  mine, 
only  last  six  weeks.  They  can,  however,  be  readily  made  at 
any  foundry. 

It  is  recommended  by  the  maker  that  the  first  washer  be 
driven  at  150  to  250  revolutions  per  minute  and  that  the  second 
one  at  250  to  350  per  minute  and  that  for  a  capacity  of  10  tons 
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per  hour,  each  machine  be  given  72  g^alloos  of  water  per  min- 
ute. This  will  then  at  times  require  25  H  P.  for  a  complete 
unit  of  two  washers  and  trommels.  These  factors  will  vary 
greatl;  with  the  character  of  the  ore.  Since  the  power,  and 
therefore  the  wear,  will  increase  even  more  rapidly  than  the 
square  of  the  speed,  this  should  be  kept  low.  In  the  absence 
of  any  coarse  stones,  there  is  also  danf^er  that  the  pulp  may  be 
too  greatly  agitated  to  allow  the  settling  of  the  gold.  Od  the 
other  hand,  the  speed  and  work  must  be  sufficient  to  grind  up 
the  ore.  If  there  is  too  little  water,  the  clay  paste  may  not 
allow  the  gold  to  settle.  If  there  is  too  much,  there  is  a  dan- 
ger of  the  gold  being  washed  out.  While  a  large  capacity  is 
of  advantao^e  and  desirable,  still  it  will  mean  danger  of  insuf- 
ficient grinding,  too  thick  pulping,  or  too  strong  a  flowing  of 
water.  A  great  deal  of  skill  and  patience  is,  therefore, 
required  in  adjusting  these  fixtures,  but  when  once  adjusted, 
they  will  work  satisfactorily.  It  is  to  be  recommended  that 
a  first  unit  be  installed  and  run  over  several  months  at  var- 
ious speeds,  capacities  and  amounts  of  water  and  the  machine 
should  be  given  plenty  of  time  after  each  change  of  condition 
to  adjust  itself.  Also,  careful  tests  of  the  ore  and  tailings 
should  be  made  between  times.  The  capacity  and  speed 
should  first  be  adjusted  until  the  best  result  is  given  in  reduc- 
ing the  amount  of  gold  left  in  the  tailings  so  combined  that 
it  will  not  pan.  The  pulp  should  of  course  be  kept  at  a  reas- 
onable consistency  throughout  the  changes  and  the  amount 
of  water  finally  adjusted  so  that  the  tailings  will  show  a  min- 
imum of  free  gold  in  the  pan. 

These  machines  are  made  in  Knoxville,  Tenn.,  and  are 
handled  by  Geo.  L.  Srdman,  of  Asheville,  N.  C.  One  of  the 
first  of  these  machines  was  installed  at  the  Shuford  Mine, 
owned  by  the  Catawba  Gold  Mining  Company,  and  situated 
about  three-quarters  of  a  mile  north  of  the  post-office  of 
Bdith,  about  5  miles  south-east  of  Catawba  Station  on  the 
Southern  Railway.  They  have  a  plant  of  4  double  units. 
The  Company  are  operating  on  a  tract  of  land  containing  a 
gold-bearing  zone  said  to  be  2  miles  long  and  600  feet  wide. 
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This  will  all  pan  gold  at  tbe  surface  and  has  been  tested  bj 
bored  boles  30  to  50  feet  deep  to  water  level  and  by  one  old 
shaft  Its  feet  deep.  This  zone  is  filled  with  smalt  quartz 
seams  from  a  line  to  occasionally  several  inches  thick  and 
having  all  possible  strikes  and  dips  and  seldom  more  than  two 
feet  apart  in  every  direction.  The  country  rock  varies  from 
schist  to  gneiss  and  is  generally  heavily  stained  by  iron  oxide 
and  thoroughly  decomposed,  except  for  a  few,  trald  out- 
cropping  hard  masses.  The  quartz  is  usually  thoroughly 
honeycombed  and  broken  into  soft,  angular  fragments. 
Except  at  the  surface,  most  of  the  gold  is  in  these  quarti 
streaks,  but  the  hard  and  solid  portions  of  them  seldom  have 
much  value.  At  the  present  time  the  entire  mass  is  being 
mined  by  means  of  an  irregular  pit  which  was,  in  the  summer 
of  1906,  90  feet  deep  and  250  to  300  feet  across  at  the  top. 
The  material  at  the  bottom  is  just  as  soft  and  decomposed  as 
at  tbe  top  and  the  ore  is  loosed  by  black  powder  and  shov- 
elled by  hand  into  cars  containing  a  cubic  yard.  The  cars 
are  hoisted  up  a  steep  incline  and  automatically  dumped  over 
a  grizsly  of  light  steel  rails.  The  fines  are  washed  through 
the  grizzly  by  jets  of  water,  the  soft  large  lumps  being 
crushed  and  knocked  through  by  means  of  a  pick.  In  18 
months  operation  only  a  few  tons  of  targe,  hard  lumps  have 
thus  far  been  thrown  out.  The  material  is  then  washed 
down  a  trough  about  50  feet  long,  thus  becoming  pretty  uni- 
formly mtsed  before  being  divided  among  the  washers.  At 
this  mine  the  machines  are  run  at  only  150  revolutions  per 
minute.  They  were  tried  at  a  lower  speed,  but  there  was 
trouble  with  the  gold  sticking  to  clay  balls.  Tbe  machine 
used  about  150  gallons  of  water  to  tbe  minute  and  the  whole 
plant  is  run  by  a  35  horsepower  engine  which,  when  the  three 
units  are  running,  is  probably  overloaded.  The  tailings 
when  tested,  usually  pan  nothing  at  all,  but  assay  a  few 
cents,  due  to  gold  included  in  the  sand.  While  this  loss 
could  be  reduced  by  speeding  up  the  second  washer  to  grind 
the  sand  finer  and  trusting  to  the  riffles  to  save  what  little 
additional  free  gold  would  not  then  settle  in  the  machine,  it 
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is  doubtful  whether  with  the  preseat  small  plant  and  so 
vast  a  quantity  of  ore  controlled  by  the  Company  such 
refinements  are  advisable,  since  tbey  would  probably  reduce 
the  capacity  of  the  plant.  It  is  estimated  that  the  present 
cost  of  treatment  is  22  cents  per  cubic  yard  loose  measure 
with  a  recovery  of  between  50  cents  and  $1.00  per  cubic  yard. 

A  great  deal  of  the  success  of  the  Catawba  Gold  Mining 
Company  is  due  to  its  conservative  policy  and  the  skill  with 
which  the  whole  mining  and  milling  operation  has  been  con- 
ducted. 

The  next  machine  to  be  placed  in  operation  was  at  the  old 
Laflin  Mine,  near  Cox,  Randolph  County,  about  4  miles  east 
of  Cid  Station  on  the  Thompsonville  and  Glen  Anna  Railway. 
The  Empire  Mining  Company  own  a  tract  of  land  which  con- 
tains argillaceous  slates  containing  two  gold-bearing  zones, 
200  feet  wide  by  )4  mile  long,  the  northwest  zone  being  along 
the  south  side  of  a  hard  quartz  and  siliceous  slate  vein.  The 
early  work  on  this  property  was  done  at  the  northeast  end  of 
the  northwest  zone  where  there  are  several  large  pits,  some 
50  feet  deep.  The  entire  surface  was  tested  by  pan  assays 
(weighing  the  amount  of  gold  from  known  weighed  amounts 
of  ore)  and  a  number  of  trenches  were  dug  across  the  better 
portions  of  the  zone.  The  results  of  this  test  led  the  Com- 
pany to  instal  their  experimental  plant  on  the  gentle  slope  to 
another  stream  near  the  southwest  end  of  the  northwest  zone. 
At  the  other  end  the  slates  are  still  soft  at  a  depth  of  50  feet, 
but  here  they  were  found  to  t>e  quite  solid  and  tough  within 
6  or  7  feet  of  the  surface,  though  drill  holes  are  said  to  have 
proved  that  the  rock  is  again  soft  below  a  5  or  6  foot  shell  of 
hard  material.  The  dip  at  this  end  is  only  15  or  20  degrees 
instead  of  being  nearly  vertical  as  at  the  other.  This  tough 
slate  is  thoroughly  oxidized  and  shows  a  very  uniform  distri- 
bution of  wheat'like  grains  of  limonite,  formed  from  pyrite, 
which  lie  along  the  cleavage  planes  of  the  slate  and  all  the 
gold  occurs  in  them. 

This  small  branch  has  a  steep  fall  for  2  miles  to  the  Yad- 
kin River  and  for  the  experimental  plant  water  is  returned 
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from  a  small  settling  pond  nearby.  In  order  to  get  sufiScient 
fall  for  the  head  and  tail  sluices,  the  machines  are  put  pretty 
high  up  on  the  hill  so  that  a  fat  incline  has  been  put  in  with 
dumping  arrangements,  etc.  similarly  as  at  the  Shuford  Mine. 
The  ore  is  broken  up  by  hand  into  about  3  inch  cubes  and 
when  not  hard,  there  is  some  tendency  for  it  to  stick  in  the 
grizzly  crusher  owing  to  the  large  percentage  of  clay,  which 
is  often  moist.  The  first  machine  is  run  as  high  as  250  revo- 
lutions per  minute  on  hard  rock,  but  was  found  to  give  best 
results  on  average  partly  decomposed  slates  at  175  revolutions 
per  minute.  As  there  is  no  hard  quartz  in  this  ore,  there  is 
00  need  of  an  intermediate  trommel.  The  second  machine  is 
operated  at  only  90  revolutioas  per  minute  and  saves  most  of 
the  gold,  which  is  very  fine.  The  trommel  which  follows 
this  washer  removes  practically  nothing  but  fragments  of 
tree  roots,  which  shows  that  everything  is  ground  below 
4-mesh.  The  riffles  are  64  feet  long,  but  very  little  gold  is 
found  below  the  first  20  feet.  With  this  soft,  clayey  ore  the 
capacity  is  about  8  tons  per  hour  and  110  gallons  of  water 
per  minute  are  required.  In  the  summer  of  1906  the  machine 
had  hardly  passed  the  experimental  !>tage,  but  the  tailings 
almost  never  showed  any  free  gold  and  assays  of  carefully 
taken  samples  showed  a  recovery  of  90  per  cent  of  the  soft 
material  and  80  per  cent  on  the  hard. 

A  few  modifications  of  the  machine  have  been  made  by  Mr. 
O.  K.  McCutcheon,  Superintendent  of  the  Empire  Company, 
by  introducing  an  improved  stuffing  box  and  valve  for  the 
clean-up  openings  and  in  the  second  washer  installing  a  plate 
9  inches  wide  and  one  inch  above  the  center  of  the  bottom 
with  cross-lots  yi  inch  by  5  inches.  This  false  bottom  is 
curled  up  at  the  discharge  end  and  serves  as  a  rifBe  plate, 
thus  considerably  increasing  the  recovery  of  very  fine  gold. 

One  double  unit  of  these  machines  was  being  worked  on 
the  property  of  the  Troy  Mining  Co.,  7  miles  north  of  Troy, 
Montgomery  County.  There  are  some  old  shafts,  _but  the 
two  main  workings  are  based  upon  recent  discoveries.  By 
test  pits  and  panning  it  seems  there  are  two  parallel  zones  of 
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slate  bearing  g-old.  Open  cut  No.  1  shows  white  and  pink, 
claj*like  slates  with  iron  stains  and  abundant  limonite  cuIms 
and  seams.  The  direction  of  the  slates  is  N.  45°  E.  aad  part 
of  the  material  seems  to  represent  thoroughly  decomposed, 
sheeted,  coarse  grained  porph/ry  so  that  the  deposit  is  proba- 
bly on  a  contact.  The  values  are  not  uniform  and  at  a  depth 
of  about  12  ft.  the  deposit  seems  to  be  about  20  ft.  wide,  50 
ft.  long  and  the  upper  part  of  a  rounded  lens,  richest  in  the 
center,  where  a  25  ft.  shaft  is  said  to  have  produced  $30.00 
ore.  To  develop  deeper,  a  shaft  was  sunk  in  the  hanging 
wall.  At  a  depth  of  70  feet,  it  was  stopped  just  as  it  began 
to  cutiigbt-colored,  sericitic  schists,  carrying  pyrite. 

The  material  from  open  cut  No.  1  was  all  conveyed  by  a 
sluice  to  the  mill,  a  short  distance  away.  Although  a  good 
deal  of  gold  was  saved,  the  tailings  ran  $3.00  a  ton  and  tests 
were  stopped. 

Open  cut  No.  2  was  made  by  recent  unsuccessful  hydraulic 
mining.  It  was,  at  the  time  of  the  visit,  200  feet  long,  20  to 
24  feet  wide  and  2  to  10  feet  deep.  This  zone  pans  quite  uni- 
formly 18  to  20  feet  wide  in  the  cut  and  in  cross  trenches 
beyond  the  end  of  it.  No  assays  of  average  samples  have 
t>een  made.  There  is  a  barren,  white  quartz  vein,  with  some 
large  quartz  crystals,  along  part  of  one  side  of  the  zone  and 
most  of  the  material  seems  to  have  been  more  or  less  siliceous 
sericite  schist,  now  thoroughly  decomposed  to  purple  clay  or 
fine  sand.  A^  the  time  of  the  visit,  100  tons  were  being 
hauled  over  muddy  roads  to  the  mill  about  a  quarter  of  a 
mile  away,  to  make  a  test  run. 

The  machines  were  found  to  give  a  little  less  free  gold  in 
the  tailings  as  the  speed  was  reduced,  and  at  the  time  of  the 
visit,  both  sections  were  being  run  at  only  60  R.P.M.  The 
rate  of  feeding  is  very  low,  apparently  only  2  tons  per  hour, 
and  the  amount  of  water  is  very  large,  apparently  about  ISO 
gallons  per  minute.  As  there  was  no  hard  pebbles  or 
other  material  in  the  ore  to  form  a  bed  in  the  machine, 
it  is  probable  that  most  of  the  gold  was  washed  out.  Even 
at  this  low  rate  of  speed  the  coarsest  tailings  were  very  fine 
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particles  of  sand.  Samples  of  the  tailings  included  oulj  the' 
coarser,  rapidly  settling  parts,  so  that  the  assays  made  were 
probably  too  high.  It  may  be  that  the  slower  speed  simply 
decreases  the  pan  assay  of  the  tailings  by  not  freeing  such  a 
large  percentage  of  gold  which  remains  included  in  the 
larger  grains. 

The  most  apparent  recommendation  would  be  to  put 
McCutcheon  riffles  in  the  bottom  of  the  machine,  run  the 
first  machine  faster  than  the  second  and  grfatly  increase  the 
percentage  of  ore  fed  to  machine  as  compared  with  the 
amount  of  water  used.  No  samples  of  the  ore  had  been  taken 
so  the  tests  are  not  conclusive. 

The  latest  reports  are  that  the  tailings  from  open  cut  No. 
2  also  assayed  $3.00  to  $4.00  per  ton;  that  the  washers  are 
abandoned  and  that  a  SO  ton  cyanide  mill  will  be  erected.  It 
is  also  said  that  some  good  ore  was  struck  below  a  quartz  vein 
in  a  17  ft.  shaft,  sunjcin  open  cut  Ko.  2.  It  is  probably  well 
to  abandon  the  washers  here  because  the  thoroughly  decom- 
posed soil  gets  very  hard  not  far  from  the  surface,  and  the 
water  level  will  be  less  than  30  feet  below  the  highest  part 
of  the  ore  zone  now  exposed.  Therefore  the  available  ton- 
nage of  decomposed  material  is  rather  small.  A  shaft  on  a 
third  vein,  just  below  the  creek  bed,  shows  hard  silicified  ser- 
icite  slates,  with  much  pyrites  but  no  visible  copper  or  other 
mineralswhich  would  interfere  with  the  cyanide  plantadapted 
for  handling  slimes. 

Machines  have  also  been  installed  at  the  old  Sawyer  Mine 
in  Randolph  County  5  miles  west  of  Sophia  and  about  14 
miles  from  High  Point.  This  property  has  been  worked  off 
and  on  for  many  years,  but  has  failed  because  the  gold  could 
not  be  saved  by  a  stamp  mill  and  plates.  The  machine  will 
first  treat  the  soil  and  vtry  soft  outcrops  and  then  the  hard 
rock,  which  does  not  slack  by  itself  will  be  crushed  fine  by 
rolls  and  the  machine  used  simply  as  a  panning  device.  This 
will  be  a  new  and  novel  use  for  this  machine  and  the  results 
will  be  watched  with  interest. 

The  McCutcheon  modification  of  the  Modern  Pulverizing 
and  Concentrating  machine  is  being  installed  at  the  old  Mer- 
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rill  Mine  on  Carraway  Creek  3  miles  west  of  Sophia.  The 
old  workings  are  said  to  show  a  zone  1-2  mile  long  which  is 
composed  principally  of  clay  to  a  depth  of  50  or  60  feet, 
Theie  are  eight  long:  cross-cut  trenches  and  many  test  pits 
have  been  made  which  are  said  to  have  given  ore  running 
from  $1,50  to  $1.90  per  ton. 

Near  Newton,  Catawba  County,  one  of  the  machines  is 
being  installed  to  work  a  property  said  to  be  similar  to  the 
Shuford  Mine  in  the  same  county. 

From  information  obtained  by  observation  in  the  field  and 
tests  in  the  laboratory,  it  would  seem  that  this  Modern  Pul- 
verizing and  Concentrating  machine  is  adapted  for  certain 
ores  such  as  those  of  the  Shuford  Mine  and  that  with  certain 
modifications  as  have  been  worked  out  by  Mr,  McCutcheon, 
the  .machine  can  be  adapted  to  still  other  ores.  It  is  neces- 
sary, however,  to  make  a  careful  study  of  the  ore  and  to 
adjust  the  machine  to  each  particular  ore  before  it  can  be 
determined  whether  or  not  the  machine  will  save  the  gold; 
and  a  machine  should  not  be  accepted  or  discarded  until  the 
ore  has  been  thoroughly  tested  to  ascertain  whether  or  not 
the  machine  can  be  adapted  to  that  particular  ore. 

SQUARE  SETS. 

The  second  change  in  mining  practice  of  great  importance 
to  the  gold  mining  industry  in  North  Carolina  is  the  intro- 
duction of  square  set  timt>ertng  in  the  extraction  of  soft  deep 
ore  bodies.  This  method  was  introduced  by  Mr.  H.  L.  Gris^ 
wold,  superintendent  of  the  Union  Copper  Company's  mine  at 
Gold  Hill,  N.  C.  In  former  mining  the  old  stopes  were  held 
open  by  miscellaneous  timbering  such  as  stulls,  lock  sets  and 
truss  sets.  Such  methods  were  not  satisfactory  and  prevent- 
ed the  sloping  of  the  ore  in  the  most  economical  manner.  By 
the  introduction  of  the  western  square  set  method  of  timber- 
ing, the  stoping  of  the  ore  is  being  done  safely,  completely 
and  economically.  The  sets  are  made  of  8  x  8  inch  sawed 
oak  and  the  mine  carpenter  can  usually  easily  frame  enough 
timber  for  this  work  in  about  one-eighth   of   his   time.     The 
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sets  are  6  ft.  3  inches  higfh  in  the  clear  and  5  feet  across  in 
the  clear.  The  posts  are,  therefore,  6  ft.  3  inches  iong  be- 
tween the  shoulders  and  have  a  5  x  5  inch  tenon  \}i  inches 
longf  at  each  end;  the  caps  are  S  tt.  3  inches  between  shoul- 
ders and  have  a  5x5  inch  tenon  2%  inches  long  at  each  end; 
the  ties  are  5  feet  between  shoulders  and  have  a  tenon  5x8 
inches  and  \%  inches  long  at  each  end. 

The  size  of  the  timbers  will  of  course  vary  with  the  weight 
to  be  sustained.  This  stjle  and  proportions  of  framing  are 
very  good  for  oak  timbers;  hut  for  pine,  which  crushes  so 
easily  across  the  grain,  it  is  better  to  have  the  ends  of  the 
post  tenons  to  touch  each  other.  The  light  timbers  are  o( 
course  cheaper  and  much  more  easily  handled.  As  the  stopes 
get  large,  they  are  more  or  less  completely  filled  with  waste 
rock  which  is  usually  obtained  in  mining  and  would  other- 
wise have  to  be  hoisted  out  in  working  the  usually  underhand 
stopes.  This  filling  also  holds  the  posts  in  position  and 
helps  to  prevent  them  from  buckling  or  "jack-knifing"  if  any 
one  timber  yields,  which  might  otherwise  endanger  the  whole 
system.  Since  most  of  the  pressure  is  downward,  as  soon  as 
the  ore  is  blasted  away  to  make  room  for  a  new  set,  all  the 
sets  below  are  relieved  and  tend  to  come  back  to  their  origin- 
al position.  Thus,  even  light  timbers  will  hold  very  well  if 
the  stope  is  worked  rapidly  enough. 

In  the  Union  Copper  mine  the  square  sets  were  founded 
upon  a  platform  built  upon  the  old  solid  looking  truss  sets. 
As  soon  as  a  heavy  load  came  upon  them  the  trusses  buckled 
sidewise  and  every  thing  caved  in.  Anew  foundation  was  then 
made  upon  reinforced  stulls  and  there  has  been  no  trouble 
since.  Mr.  Griswold  is  starting  a  new  lot  of  square  sets  in 
a  large  open  chamber  just  above  the  fourth  level  and  he  will 
thus  be  able  to  work  out  easily  all  the  ore  left  above,  espec- 
ially a  big  pillar  that  remains  between  the  first  and  second 
levels. 

A  new  set  can  be  added  in  any  position  at  any  time  with- 
out  disturbing  the  adjoining  timbers  and  the  old  timbers  can 
easily  he  supported  by  temporary  props   while   making   room 
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for  an  additional  set.  When  the  old  timbers  have  been  re- 
placed the  entire  flooring-  of  sets  is  easily  put  in  as  the  ore 
is  removed;  a  temporary  plank  covering^  may  l>e  placed  across 
the  old  timt>ers  to  protect  the  men  from  falling  rocks.  Tem- 
porary  plank  floors  are  placed  upon  the  sets  for  the  men  to 
stand  upoo  and,  as  the  system  becomes  higfher,  chutes  and 
mill  holes  are  put  in  to  conduct  the  ore  to  the  car  on  the 
track  l>elow.  Any  waste  rock  mined  is  merely  dumped  in 
and  around  the  lower  sets. 

There  has  been  little  or  no  trouble  indtroducing  the  square 
set  method  of  timbering  and  at  the  Union  Copper  Mine  the 
work  is  done  under  the  immediate  supervision  of  Mr.  Hed- 
rick,  a  skilfull  North  Carolina  shift  l>oss  who  has  had  no 
previous  experience  with  square  sets.  Some  of  the  miners, 
especially  negroes,  when  first  stoping  by  means  of  square  set 
timbering  are  a  little  nervous  t>ecause  they  are  so  close  to  the 
roof  that  they  can  see  how  loose  the  rocks  are;  but  they 
soon  realize  that  they  can  pick  down  the  loose  rock  or  prop 
it  up  and,  therefore,  are  safer  than  when  they  are  so  far 
away  that  they  cannot  tell  at  what  moment  the  rock  may  fall 
upon  them.  Also  when  working  at  the  l)ottom  of  a  bigb, 
underhand  stope,  a  blow  from  even  a  small  rock  would  be 
dangerous. 

CYANIDB  PLANTS. 

The  introduction  of  the  cyanide  process  for  treating  certain 
sulphuret  ores  ia  a  third  change  in  mining  practice  in  the 
State  that  has  added  considerable  to  the  production  of  gold. 
One  of  the  most  successful  cyanide  plants  was  the  one  erected 
to  work  the  tailings  of  the  Howie  mine,  nearWaxhaw,  Union 
County.  This  mine  is  in  a  zone  of  hard,  siliceous  slates,  carry- 
ing chimney-like  bodies  of  pretty  high  grade  ore.  The  gold 
is  all  free  but  so  finely  disseminated  that  the  high  grade  ore 
which  is  a  laminated  or  schistose  quartz  has  merely  a  golden 
sheen.  A  great  deal  of  this  escaped  amalgamation  although 
enough  was  saved  to  pay  well.  These  old  tailings,  which  are 
rumored  to  have  been  worth  5  or  6  dollars  a  ton,   soften 
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somewhat  upon  exposure  to  the  weather  so  that  the  recovery 
by  cyanide  was  very  good. 

The  old  cyanide  plant  bad  four  iron  tanksS^  feetdeepand 
30  feet  in  diameter  and  supposedly  the  necessary  other  tanks 
and  apparatus.  When  the  tailings  were  exhausted  the  mine 
was  sold  to  the  Colossus  Mining  Company,  a  London  corpor- 
ation, which  proposed  to  put  in  an  immense  plant  to  treat 
the  entire  zone.  This  zone  had  previously  been  cross  cut  by 
two  trenches  somewhat  over  20  feet  deep,  but  it  was  never 
properly  sampled,  for  although  there  are  many  fairly  rich 
streaks,  the  general  average  value  is  only  40  to  SO  cents  a  ton. 
The  tanks  of  the  old  mill  were  made  a  part  of  the  new  big 
mill,  so  the  original  arrangement  of  this  successful  plant 
could  not  be  learned  and  also  no  one  could  be  found  to  give 
information  about  the  successful  treatment.  There  is  now  a 
Ledgerwood  cableway  for  economical  handlingof  excavated 
rock.  This  dumps  the  skips  of  rock  upon  the  feeding^  plat- 
form of  a  very  large  gyratory  crusher  discharging  into  a 
trommel.  The  coarse  rock  from  the  trommel  goes  through  a 
smaller  gyratory  crusher  into  the  bin  cotaining  the  finer  rock. 
From  this  bin  it  is  hoisted  to  a  long,  rotating  cylinder  dryer 
discharging  to  the  first  of  a  pair  of  Allis  rolls  working  in 
series  with  necessary  screens  and  elevators.  The  fine  mate- 
rial  from  these  rolls  is  divided  among  three  ball  mills  of  pecu- 
liar design.  They  have  a  vertical  axis  bearing  arms  which 
push  a  number  of  six  inch  iron  balls  around  a  horizontal  run- 
way. 

There  are  at  present  no  screens  on  these,  and  the  product 
contains  a  good  deal  of  troublesome  dust  or  slimes,  and  some 
sand  too  coarse  for  successful  cyaniding.  Prom  the  ball 
mills  a  fine  set  of  conveyors  carry  the  dry  material  to  any  one 
of  the  leaching  tanks.  There  are  six  tanks  5J^  feet  deep  and 
40  feet  in  diameter,  and  four  tanks  Syi  feet  deep  by  30  feet  in 
diameter,  all  in  the  open  air;  and  the  necessary  solution, 
gold  and  slump  tanks.  The  mill  is  very  badly  designed  since 
the  rolls  have  scarcely  capacity  for  75  tons  per  day  and  the 
ball  mills  were  so  overworked  that  much  coarse  sand   passed 
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through  them.  On  the  other  hand,  the  crushers,  elevators, 
etc.,  have  a  capacity  fully  four  times  as  great.  The  mill  has 
been  used  by  the  present  management  in  making  cyanide 
tests  upon  the  rich  ore  remaining  in  the  chimneys.  Even 
when  crushed  very  fine  this  fresh  unaltered  ore  can  be  leach- 
ed for  a  week  without  apparently  giving  up  more  than  half 
its  gold,  thus  this  cyanide  plant  cannot  be  used  for  this  ore. 

At  present  the  most  productive  cyanide  plant  in  this  State 
is  the  one  at  the  lola  Mine,  near  Candor,  Montgomery 
County,  The  ore,  coming  from  a  pretty  sharply  defined 
vein,  is  either  a  hard,  glassy,  white  quartz  with  traces  of  un- 
replaced  slate,  carrying  coarse  gold  in  octahedral  crystals; 
or  soft  sugary,  white  quartz  generally  richer  but  not  show* 
ing  visible  gold.  This  "sugar  quartz"  has  lately  l>een  run- 
ning from  $14,00  to  $20.00  per  ton.  It  is  crushed  in  a  dilapi- 
dated 20  stamp  mill  where  the  coarse  gold  and  much  of  the 
fine  gold  is  amalgamated  as  usual.  The  tailings  are  elevated 
and  are  run  to  the  various  settling  tanks  or  "sand  boats," 
3  feet  wide  at  one  end,  5  feet  at  the  other,  12  feet 
long  and  3J^  feet  deep,  having  at  the  small  end  a  wooden 
lattice  on  the  inner  side  of  which  a  canvass  curtain 
may  be  rolled  up  from  the  bottom.  When  the  thin  tailings 
run  into  this  the  sand  settles  out  and  the  fine  part  or 
slimes  flow  into  the  slime  tanks.  As  the  sand  accumulates 
the  curtain  is  unrolled  so  that  the  overflow  is  just  above  the 
level  of  the  top  of  the  sand.  The  other  two  sand  boats,  just 
above  the  tanks,  are  plain  boxes  6  feet  by  $}4  by  15  feet.  One 
end  is  bored  full  of  holes  to  let  out  the  slimes.  These  are 
plugged  as  the  level  of  the  sand  reaches  them. 

The  wet  sand  from  these  boats  is  shovelled  or  wheeled  into 
whichever  of  the  sand  tanks  may  be  empty.  This  shovelling 
thoroughly  breaks  up  any  water  tight  layers  of  slime  which 
may  have  formed  when  the  mill  was  shut  down  for  a  short 
time,  and  the  thin  pulp  remaining  below  the  overflow  has  a 
chance  to  settle  in  a  layer  on  top  of  the  sand.  It  also  sup- 
plies the  needed  oxygen  to  aid  the  cyanide  in  dissolving  the 
gold.     The  sand  tanks  were  made  locally  of  yellow  pine    and 
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are  4  feet  deep  and  20  feet  in  diameter  with  the  usual 
cocoa  matting  filter  in  the  bottom.  When  filled  to  conveni- 
ent  height,  thej  hold  40  tons  of  sand.  A  solution  containing 
1.4  pounds  of  potassium  cjanide  per  ton  of  water  is  pumped 
upon  this  and  drained  off  through  the  filter;  this  solution  is 
kept  circulating  as  rapidlj  as  possible,  keeping  the  sand 
always  covered,  for  three  or  four  days  until  the  sand  must  be 
removed  to  make  room  for  another  batch.  Then  the  solution 
is  allowed  to  drain  off,  after  which  a  little  water  is  added  to 
displace  what  solution  remains  in  the  damp  sand.  The  sand 
is  then  washed  out  by  a  stream  of  water  from  a  hose  through 
an  opening  in  the  bottom  of  the  tank  into  a  trough  or 
launder,  to  a  settling  pond  where  the  sand  settles  out  and  the 
water  collects  to  be  pumped  back  again. 

The  slimes  flow  from  the  sand  boats  to  one  of  the  three 
agitation  tanks  10  feet  deep  and  20  feet  in  diameter.  Near 
the  bottom  of  each  of  these  is  a  slowly  revolving  paddle  consist- 
ing of  four  well  braced  oak  arms  carrying  pins.  Some  of  the 
surplus  water  is  drained  off  and  a  solution  carrying  1  pound 
of  potassium  cyanide  per  ton  of  water  (0.05%)  is  added. 
The  agitation  continues  while  the  solution  and  slimes  are 
drawn  off  at  the  bottom  to  a  4-inch  centrifugal  pump,  thus 
thoroughly  aerating  and  mixing  it.  This  process  continues 
until  the  tank  is  needed  for  more  slimes.  The  solution  is 
then  pumped  into  one  of  the  settling  tanks  14x18  feet  at  a 
little  lower  level.  Here  the  solid  matter  slowly  settles  out 
and  the  clear  solution  is  drawn  off.  Sometimes  the  slimes 
are  returned  for  a  treatment  with  a  second  solution  until 
they  are  finally  sluiced  out  to  waste.  The  solution  from  the 
sand  tank,  which  now  contains  the  gold,  is  passed  directly  to 
the  zinc  boxes;  these  have  six  compartments,  2x2x2  feet,  with 
a  side  trough  and  a  diaphragm  for  circulating  the  solution. 
This  arrangement  allows  any  one  box  to  be  emptied  and 
cleaned  white  the  solution  circulates  through  the  others. 

From  the  zinc  boxes  the  solution  Sows  to  the  sump  tank, 
10x20  feet.  Here  more  potassium  cyanide  is  added  to  replace 
what  has  been  consumed  until  the  solution  reaches  the  right 
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strength.  This  sump  tank  thus  serves  for  a  solution  tank, 
from  which  the  solution  is  raised  by  a  small  centrifugal 
pump  to  the  sand  leachingf  tanks.  Most  other  mills  have  a 
small  extra  tank  at  the  hig'hest  level  in  which  the  solution  is 
made  up  and  from  which  it  flows  bj  gravity  to  the  sand 
tanks. 

The  clear  solution  from  the  slime  settling  tank  is  stored  in 
the  tank  24xS  feet.  From  this  it  flows  through  an  eight  com- 
partment zinc  box  like  the  other  one  and  to  the  sump  and 
weak  solution  tank. 

In  the  zinc  boxes  zinc  from  a  mass  of  fine  zinc  shavings 
enters  the  solution  in  place  of  the  gold  which  is  precipitated 
as  a  black  coating  upon  the  zinc.  £)ach  month  the  zinc  in 
the  boxes  is  sifted  and  the  fine  stuff  saved,  and  the  coarse 
stuff  returned  to  the  box.  The  deficiency  of  coarse  zinc  in 
the  first  box  is  made  up  by  taking  some  of  it  from  the  second, 
which  is  in  turn  filled  from  the  third  and  so  on.  All  the 
fresh  zinc  required  is  added  to  the  last  compartment,  and, 
since  much  of  the  gold  sticks  to  the  zinc  until  it  is  all  dis- 
solved, most  of  the  gold  sHmes  are  recovered  from  the  first 
compartment  where  precipitation  is  also  most  active,  as  the 
solution  passing  through  it  contains  the  largest  percentage  of 
gold. 

The  gold  slimes,  or  finely  divided  gold,  containing  small 
scraps  of  zinc,  is  melted  in  a  graphite  crucible  to  which  a 
little  nitre  is  added  to  oxidize  the  zinc  and  cause  it  to  unite 
with  the  borax  used  as  a  flux.  The  melted  gold  is  cast  into 
bricks  and  sent  to  the  mint. 

All  the  tanks  are  in  the  open  air.  The  pipes  are  wrapped  to 
prevent  freezing,  and  there  is  no  trouble  except  that  heavy 
rains  increase  the  amount  of  solution  which  must  be  wasted 
and  so  cause  a  greater  loss  of  potassium  cyanide.  The 
pumps,  and  the  engine  for  driving  them  and  the  agitators, 
are  housed  in.  In  the  same  building  is  the  room  containing 
the  zinc  boxes  and  furnace  for  melting  the  bullion.  About 
4-10  of  a  pound  of  potassium  cyanide  is  consumed  per  ton  of 
ore.  In  the  ore  are  no  copper  minerals  or  similar  sub- 
stances to  consume  cyanide. 
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Sight  pounds  of  lime  are  added  to  each  ton  of  tailing 
on  its  way  to  the  cyanide  plant.  This  is  to  cause  the 
slimes  to  settle  more  readily  and  neutralize  any  acid  which 
may  be  formed  from  the  pyrites  in  ttie  ore,  and  which  would 
otherwise  consume  cyanide.  The  chief  loss  of  cyanide  is, 
therefore,  in  the  solution  that  is  wasted  with  the  wet 
slimes. 

There  is  required  one  solution  man  at  Sl.SO  a  day  for 
each  shift.  If  one-half  of  the  steam  used  at  the  mill  is 
char^^ed  to  the  cyanide  part,  the  total  cost  exclusive  of  inter- 
est and  depreciation  is  $0.90  per  ton.  The  tailings  from  the 
cyanide  plant  contain  about  $1.00  per  ton  of  gold.  Since  the 
sands  from  the  mill  had  been  carrying  $4.86  per  ton,  there  is 
a  handsome  profit  in  the  cyanide  plant — about  $2.90  per  ton 
treated.  The  cost  of  the  plant  was  from  $10,000  to  $12,000. 
The  loss  in  the  tailings  could  be  reduced  by  a  longer  treat- 
ment of  the  sands  and  the  intention  is  to  add  two  more  sand 
leaching  tanks  for  this  purpose.* 

At  the  Montgomery  mine,  which  adjoins  the  lola,  there  is 
another  cyanide  plant  for  treating  tailings  from  a  10  stamp  mill. 
All  of  the  tanks  are  square.  The  stream  of  tailings  is  first  sepa- 
rated into  slimes  and  sands  in  a  pointed  box.  Near  the  bot- 
tom of  this  box  is  a  pipe  out  of  which  the  coarse  sand,  which 
settles  most  rapidly.  Sows  to  the  settling  tanks,  over  the 
sand  tank,  while  the  slimes  overflow  at  the  top  opposite  the 
inlet.  The  slimes  are  not  treated  and  the  sand  treatment 
does  not  differ  essentially  from  that  at  lola.  The  mine  was 
shut  down  at  the  time  of  the  visit  so  no  data  as  to  the 
cyanide  Itreatment  could  be  obtained.  From  the  relatively 
greater  tank  capacity,  the  sand  probably  receives  a  longer 
treatment.  The  solution  tanks  and  zinc  boxes  are  inside  the 
mill. 

There  is  a  new  cyanide  mill  at  the  Southern  Homcstake  Mine, 
13  miles  south  of  Thomasville,  near  Cox,  Randolph  County. 

•NoTB — The  data  as  to  the  cytinide  tre&tment  was  mostly  obtained  from 
Mr.  W.  T.  Sawyer,  fonner  superinteiideut,  checked  as  far  as  potsible  by 
Mr.  Jones,  the  present  saperiDtendent. 
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The  ore  passes  over  a  gftizzly,  the  oversize  from  which  goes 
thrnug^h  a  Blake  crusher,  and,  with  the  fines  from  the  grizzly, 
are  elevated  to  a  trommel  screen  above  a  small  storage  bin. 
The  oversize  from  this  trommel  passes  through  a  pair  of  cor- 
rugated rolls,  then  back  to  the  same  trommel,  and  so  on,  until 
it  is  all  reduced  to  sand.  The  corrugated  rolls  chattered 
badlyoa  account  of  the  coarse  feed;  and  the  soft  clayey  ore 
tends  to  stick  them  so  it  will  probably  be  better  to  use  instead  a 
number  of  smooth  rolls  in  series. 

The  fine  dry  ore  is  taken  by  a  belt  conveyor  to  one  of  the 
three  sheet  iron  leaching  tanks,  6  feet  deep  and  30  feet  in 
diameter.  It  was  assumed  that  the  solution  would  percolate 
through  the  &}4  feet  of  dry  crushed  ore,  even  though  the 
slimes  were  not  removed;  but  in  the  actual  tests  the  tanks 
were  filled  only  half  full.  Below  the  level  of  these  leaching 
tanks  are  zinc  boxes  and  sump  tanks;  the  three  solution  tanks 
are  on  a  trestle  outside  the  main  building,  covering  the  leach- 
,  ing  tanks. 

The  property  was  purchased  without  adequate  sampling 
and  the  work  was  abandoned  after  treating  150  tons  and  find- 
ing that  the  ore  averaged  only  $2.00  a  ton.  Mo  data  as  to 
time  of  treatment,  strength  of  solution,  etc.,  was  obtained. 
The  recovery  on  the  three  tanks  tried  was  70,  80  and  83  per 
cent  respectively.  The  ore  is  decomposed  rock,  occurring  in 
wide  zones  and  carrying  a  great  deal  of  clay.  No  data  was 
obtained  as  to  the  capacity  of  the  mill. 

mining  details  (self-dumping  SKIPS,  ETC.) 

Many  of  the  mines  in  North  Carolina  are  based  upon  more 
or  less  flat  veins  and  since  most  of  the  ore  is  hoisted  in 
buckets,  it  is  customary  to  sink  vertical  shafts.  When  the 
mines  become  deep,  this  requires  expensive  cross-cuts  to 
reach  the  vein;  hence  there  are  many  vertical  shafts  which  are 
turned  upon  reaching  the  vein  and  not  adapted  to  the  use 
of  a  cage  or  an  ordinary  style  skip.  Mr.  Geo.  E.  Price  has 
overcome  this  difficulty  at  the  Rudisill  Mine,  at  Charlotte, 
Mecklenburg  County,  by  modifying  the  ordinary  skip,  and 
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adapting  it  to  bis  special  needs.  The  shaft  is  vertical 
for  200  feet  and  then  indiums  at  an  ang^le  of  35° 
from  the  horizontal  for  150  feet  more.  The  skip  is  the 
ordinary  iron  skip,  except  that  the  wheels  area  little  larger 
than  usual  to  reduce  friction  on  the  incline  and  all  have 
narrow  treads.  In  the  vertical  part  these  wheels  run  between 
two  vertical  guide  timbers.  The  rope  is  not  over  the  center 
of  the  shaft  but  toward  the  dumping  side  so  that  when 
the  skip  reaches  the  top  the  front  wheels  run  down  the 
forward  curve  of  the  track  until  they  strike  the  top- 
Then  the  rear  wheels  swing  to  the  rear  in  the  arc  of 
a  circle.  Just  before  they  reach  the  top  of  this  arc 
'  the  nose  of  the  skip  strikes  a  roller  which  raises  the  front 
wheels  sufficiently  to  bring  them  to  a  bearing  against  the 
front  vertical  guide  so  that  incase  of  overwinding  the  skip 
rises  at  the  dumping  angle  and  rock  cannot  be  dumped  down 
the  shaft.  In  this  way  the  skip  need  wait  at  the  top  of 
the  shaft  only. long  enough  for  the  ore  to  slide  out  of  it, 
which  is  but  a  small  fraction  of  a  minute. 

The  ore  is  dumped  from  the  car  on  to  a  platform  about 
3  feet  below  the  level  of  the  rails  and  the  skip  is  stopped 
with  its  top  about  level  with  this  platform  and  nearly  fill- 
ing the  opening  in  it.  If  the  output  of  the  mine  was  a 
little  greater,  Mr,  Price  would  replace  the  platform  by  a 
small  bin,  into  which  the  cars  could  be  dumped  as  they 
reach  the  station  and  from  which  the  ore  could  be  rapidly 
run  into  a  skip  through  a  chute.  But  since  the  man  that 
would  be  required  to  operate  the  gate  has  ample  time  to  shovel 
all  the  ore  icto  the  skip,  there  would  be  no  labor  saving  in 
the  bins  and  no  justification  for  the  expense.  For  even  a  small 
mine  this  skip  saves  the  labor  of  a  top  man. 

In  the  ordinary  vertical  shaft  the  bales  of  the  skips  are 
fitted  with  shoes  and  there  are  no  wheels  on  the  skip  which  is 
unlatched  and  dumped  at  the  top  by  rollers  striking  suitable 
curved  guides.  Such  a  skip  has  the  advantage  of  needing 
only  one  set  of  guides  and  no  wheels,  but  it  cannot  be  operat- 
ed around  a  curve. 
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The  labor  of  the  top  man  is  also  avoided  by  a  self-dumping 
bucket  observed  at  the  Hatle  Gold  Mine,  South  Carolina. 
This  is  an  ordinary  bucket  fitted  with  gfuide  wheels.  The 
back  wheels  are  caught  by  a  latch  at  the  dumping  place 
and  turns  over  when  the  rope  is  slacked  off.  Then  the 
bucket  is  raised,  the  latch  is  withdrawn  by  the  engineer 
and  the  bucket  lowered. 
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CHAPEL  HILL  FERNS  AND  THEIR  ALLIES 

The  accompanying' list  of  ferns  of  this  region,  including  an 
area  of  about  two  miles  radius  around  Chapel  Hill,  has  been 
in  course  of  preparation  for  several  years,  and  is  now,  in  all 
probability,  very  nearly  complete.  The  topography  of 
Chapel  Hill  is  quite  favorable  to  ferti  growth,  and  the  num- 
ber found  here  is  as  large  as  could  be  expected  in  regrions  free 
from  limestone. 

In  his  "Catalogue  of  the  Indigenous  and  Naturalized 
Plants  of  the  State,"  by  Dr.  M.  A,  Curtis*,  there  are  given 
thirty-eight  true  ferns  and  eleven  fern  allies  for  the  State 
of  North  Carolina.  Of  the  species  mentioned  by  him,  eigh- 
teen ferns  and  four  fern  allies  occur  in  Chapel  Hill,  while  two 
of  the  ferns  io  the  following  list  are  not  recorded  by  Curtis 
for  this  State.  These  are  Botrychium  obliquum  van  dissec- 
tum,  and  Dryopteris  Goldieana  var.  celsa. 

The  list  of  our  ferns  is  as  follows: 

Botrychium  obliquum  Muhl.  (B.  ternatum  Chapm. ), 
Ternate  Grape  fern.     Not  uncommon  in  damp,  shaded  places. 

Botrychium  obliquum  var.  dissbctum.  Dissected  Grape- 
fern.     Found  only  once  in  a  low  place  near  Judge's  spring. 

Botrychium  Virginianum  (L.)  Sw.  Virginia  Grape-fern. 
Rather  more  common  than  B.  obliquum  and  occurring  in 
similar  situations. 

OSMDNDA  sPBCTABiLis  wiLLD.  Royal  Fern.  (Distinct  from 
O.    regalis  L.   of    Europe).     Common  along  small  streams. 

OsHtTNDA  ciNNAHOMBA  L.  CinuamoD  Fern.  Common 
along  small  streams  and  in  low,  damp  places. 

PoLYPODiUM  VULGABE  L.  Common  Polypody.  Very  rare. 
Known  only  to  occur  at  Upper  Laurel  Hill  where  it  covers  the 
face  of  a  high  rock,  looking  north. 

"Geological  and  Natural  History  Survey  of  North  Carolina,  Part  III, 
Raleigh,  1807. 
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POLYPODIUM    POLYPODIOIDE3     (.L.)  A,    S.    HitchcOCk.      (P. 

incaaum  Sw.)-  Resurrection  Fern.  On  shaded  trunks  of 
elms  and  occasionally  on  rocks;  not  rare. 

Pteridium  aquilinuh  (L.)  Kuhn.  (Pteris  aquilina  L.) 
Bracken  or  Brake.  In  dry  woods  and  sometimes  in  fields. 
Common. 

Adiantuu  pbdatuh  h.  Maiden-hair  Fern,  Found  in 
three  situations;  in  rich  places  near  the  foot  of  hills  looking 
north. 

Chkilanthss  lamosa  (Michx.)  Watt.  (C.  vestita  Sw.) 
Hairy  Lip-fern.  Found  only  on  one  rock  on  northern  side  of 
MoTg:an's  Creek  near  Scott's  Hole. 

ASPLENIDM  PiATYNEURON  (L.)  Oaks.  (A.  ebeneum  Ait.) 
Ebony  Spleenwort.  Common  in  woods  and  in  niches  of  stone 
walls. 

AspLENiuM  ACROSTiCHOiDEs  Sw.  Silvery  Spleenwort. 
Pound  only  is  two  clumps  near  the  base  of  Lone  Pine  Hill 
looking  north. 

AsPLBNiuH  Fblix-pobuina  (L.)  Bemh.  Lady  Fern, 
Very  common  along  streams  and  in  damp  places. 

WooDWARDiA  arbolata  (L.)  Moore.  Chain  Fern.  Found 
only  ^n  a  marshy  spot  about  one-half  mile  south-west  of  the 
University. 

Omoclba  sbnsibilis  L.  Sensitive  Fern,  Scattered  here 
and  there  in  wet  places. 

Dryoptbris  ACROSTICHOIDES  (Michx.)  Kuntze.  Christ- 
mas Fern.  Abundant  along  streams  and  on  northern  slopes 
of  hills. 

Dryoptbris  Thelyteris  (L.)  A.  Gray,  Marsh  Shield- 
fern.     Found  only  in  marsh  north  of  Lone  Pine  Hill. 

Dryoptbris  Goldieana  (Hook.)  A.  Gray.  var.  celsa. 
This  fern  was  recently  found  near  the  northern  foot  of  Lone 
Pine  Hill.  About  eight  specimens  occurred  scattered  over  a 
radius  of  seventy-five  yards.  It  has  not  before  been  recorded 
for  this  State.  It  was  described  from  Dismal  Swamp  by 
Palmer  in  the  Proceedings  of  the  Biological  Society  of  Wash- 
ington, Volume  XIII,  page  65,   1899.     Specimens  have  since 
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been  found  in  New  York  and  New  Jersey.  For  this  informa- 
tion I  am  indebted  to  Professor  L.  M.  Underwood  and  Mr. 
R.  C.  Benedict  of  New  York.  Dr.  Underwood  considers  the 
fern  a  hybrid  between  D.  goldieana  and  D.  marginalis.  It  b 
not  described  in  any  of  our  manuals. 

Phegoptbris  hbxagonoptbra  (Michx.)  Fee.  Beech  Fern. 
Not  uncommon  in  flat  places  along  small  streams. 

WooDSiA  OBTusA  (Spreug)  Torr.  Found  only  on  a  few 
stone  walls  in  town. 

The  fern  allies  found  here  are  as  follows: 

Bquisbtuu  hybuale  I>.  Scouring.rush,  Found  by  Dr, 
H.  V.  Wilson  along  Morgan's  Creek,  Occurring  also  alonf 
the  Oxford  road  near  Durham, 

Ltcopodium  alopbcuroides  L.  Club-moss.  Growing 
only  in  an  open  wet  place  near  the  spot  where  Woodwardia 
was  found. 

LYCoPODnjH  couPLANATuu  L.  Christmas-green,  Found 
by  me  only  near  upper  Laurel  Hill.  Reported  from  a  few 
places  by  others. 

Selaginblla  apus  L.  Spring,  Rather  common  among 
moss  in  wet  places. 
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COT.I.IK!;    CORII. 


Teachers  of  physiography  in  colleges  will  welcome  this  book, 
not  only  because  it  is  the  iirst  of  its  kind  of  college  grade, 
but  also  for  the  large  amount  of  fresh  material  that  it  con- 
tains and  its  admirable  arrangement,  the  author  being  at  the 
same  time  a  skilled  investigator  and  a  successful  teacher. 

"In  the  preparation  of  the  text,"  he  tells  us,  "the  effort  has 
been  to  shape  it,  when  practicable,  so  as  to  lead  the  student 
into  the  subject  under  discussion,  rather  than  to  tell  him  tlie 
conclusions  which  have  been  reached  by  those  who  have 
made  the  subject  their  special  study."  The  author  holds 
persistently  to  that  idea  of  physiography  which  regards  the 
origin  of  land  forms  as  its  chief  problem.  This  is  not  the 
English  idea  of  physiograph),  but  it  is  preeminently  the  Amer- 
ican idea.  It  is  the  geography  which  Mackinder  of  Oxford 
(IcHned  as  the  study  of  the  present  in  the  light  of  the  past, 
-IS  distinguished  from  geology,  which  is  the  study  of  the 
past  in  the  light  of  the  present. 

If  the  high  school  teacher  is  disappointed  that  small  space 
has  been  given  to  certain  topics  that  he  has  associated  with 
text-books  of  physical  geography,  such  as  minerals  and  rocks, 
and  plants  and  animalst  let  him  remember  that  in  colleges, 
where  the  author  purposes  the  book  shall  be  used,  special 
courses  in  these  related  subjects  are  given  in  associated 
departments.     In    fact  a  strong  point  of  the   book  is  that, 

•pHv«io<iRAi"iiv.  By  Pnif.  K.  U.  Saliabury,  Univetsity  of  Cliicago.  8  vo. 
770  pp.  -Vmcrioan  Soicnoe  ^^- rips— Advanced  Course.  $3.50.  New  York: 
Hfiirj-  Holt  ftiifl  Ciinpiiiij'. 
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with  the  exception  of  a  few  refereaces  to  physiographic 
effects  oa  human  life,  scattered  throug'h  its  pa^es,  it  presents 
physiography  as  a  science  associating^  causes  and  effects 
clearly  and  forcibly,  thus  avoiding'  the  mistake  made  by 
many  who  exalt  phTsiograpliic  control  at  the  expense  of  a 
science  deeply  interesting  for  its  own  sake. 

Any  study  of  the  origin  of  land  forms  involves  the  study  of 
tKtth  air  and  water,  since  air  is  the  medium  through  which 
solar  energy  is  applied  to  the  earth,  and  water  is  the  greatest 
agent  in  producing  effects  on  the  earth's  surface.  Though 
the  greater  part  of  the  book  is  given  to  land  forms,  still 
273  pages  remain  for  the  treatment  of  the  atmosphere,  the 
ocean,  and  the  earth's  solar  relations.  The  treatment  is 
essentially  dynamic,  and  the  movement  in  the  direction  of 
the  explanation  of  the  origin  of  the  land  forms  of  the  earth. 
The  reader  is  led  to  see  these  forms  in  the  process  of  becom- 
ing what  tbey  are,  and  to  anticipate  the  time  when  they 
shall  give  way  to  other  forms.  The  surface  of  the  earth 
becomes  a  stage  where  physical  forces  play  their  part,  now 
in  one  role,  now  in  another,  until  the  land  above  tbe  sea  is 
reduced  to  base  level,  or  rejuvenated  by  elevation  to  begin  a 
similar  sequence  of  events,  to  enter  upon  a  new  cycle. 

The  first  chapter  of  the  book  introduces  the  reader  to  the 
chief  relief  forms  of  the  earth's  crust  and  tbe  materials  out 
of  which  they  are  made.  This  general  survey  places  the 
problem  of  the  land  forms  well  before  the  student,  and  pre- 
pares him  for  the  consideration  of  tbe  agents  that  have 
shaped  them.  Then  follow  chapters  explaining  and  discuss- 
ing the  work  of  the  atmosphere,  of  ground  water,  running 
water,  snow  and  ice.  of  waves  and  currents  in  the  construction 
of  shore  forms,  of  vulcanism,  and  the  effects  of  crustal  move- 
ment, or  diastrophism.  For  the  first  time  does  the  work  of 
the  atmosphere  receiye  anything  like  adequate  treatment  in  a 
text-book  of  physiography.  These  chapters  are  followed  by 
a  very  excellent  generalization  and  summary  of  tbe  origin 
and  distribution  of  land  forms  clinching  in  tbe  minds  of  the 
students  the  facts  that  have  been  brought  out  and  driven 
home  by  varied  investiffations. 
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The  part  played  by  the  atmosphere  in  the  evolution  of 
surface  forms  has  received  a  treatment  comparable  in  detail 
to  that  presented  by  special  text-books  of  meteorology.  The 
energy  derived  from  the  sun  is  followed  through  a  series  of 
transformations,  in  the  chapters  on  atmospheric  pressure,  the 
movement  of  air  currents,  and  the  transportation  of  water 
vapor  to  its  final  precipitation  upon  the  earth.  The  various 
elements  of  climate  and  the  zones  of  climate  receive  due 
attention.  In  these  chapters  the  composition  of  the  atmos- 
phere, the  air  in  its  life  relations,  the  distribution  of  temper- 
atures over  the  earth,  and  the  philosophy  of  the  movements  of 
the  air  are  treated  in  an  interesting  and  original  manner. 
The  chaptL'r  on  the  storms  of  the  United  States  is  especially 
detailed  and  illustrated  by  a  complete  series  of  isothermal 
charts  and  weather  maps.  Following  the  chapters  on  the 
atmosphere,  six  chapters  covering  fifty  pages  are  given  to 
the  discussion  of  the  principal  facts  of  oceanography. 

The  book  contains  mor^  than  seven  hundred  illustrations, 
forty-three  of  which  are  sections  of  topographic  maps;  and  of 
the  others  more  than  half  are  half-tones  from  excellent  photo- 
graphs. This  can  by  no  means  replace  field-work  but  serves 
rather  to  invite  to  work  out  of  doors;  for  the  author  says  in 
his  preface;  "Another  phase  of  work  which  should  not  be 
neglected  is  work  out  of  doors.  This  must  form  a  part  of  the 
work  of  every  strong  course  in  this  subject.  Directions  for 
local  field-work  cannot  be  outlined  profitably  in  a  text-book, 
for  the  work  must  be  shaped  with  reference  to  the  specific 
locality  where  the  subject  is  studied.  Both  field-work  and 
map  work  should  have  for  their  aim  the  application  of  the 
principles  studied,  in  such  a  way  as  to  make  the  subject  vital. 
The  aim  of  every  laboratory  exercise  carried  out  in  connec- 
tion with  this  subject  should  be  the  same,  and  any  laboratory 
work  which  does  not  either  illustrate  and  enforce  principles, 
or  lead  to  them,  is  not  worth  development.  The  student  ' 
who  cannot  apply  what  he  has  learned  in  the  class-room  to 
to  bis  out-of-door  surroundings,  has  not  secured  the  maximiun 
good  from  his  study  of  the  subject." 
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At  the  cud  of  each  cliaplcr  U  .i  woU  selected  list  ol  tc>|K>- 
graphic  maps,  with  sug-g^'stions  as  to  tbeir  use  ia  relation  to 
the  text,  and  a  list  of  classified  and  pag'ed  references  for  sup- 
plementary reading^.  These  references,  even  without  the 
text,  would  be  a  most  valuable  aid  to  the  advanced  student  or 
teacher,  as  they  have  been  [leathered  through  long-  experience 
in  the  class  room.  The  author's  stylo  is  pleasing  and  not  too 
technical,  and  the  average  public  school  teacher  will  find  the 
book  an  invaluable  aid  in  the  teaching;  of  physical  ^cographj, 
though  it  was  written  primarily  for  the  college  student. 
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ARTIFICIAL    KEY  TO  THE    SPECIES    OF    SNAKES 

AND  LIZARDS  WHICH  ARE  FOUND  IN 

NORTH  CAROLINA. 

1.  Eyelids  moveable;  external  ear  present;  underparts  cov- 
ered with  numerous  scales;  limbs  present,  except  in 
Ophisaurus.    Lizards.    2. 

Eyelids  immovable^  no  external  ears;  underparts  covered 
witb  broad  band  like  plates;  limbs  absent.    Snakes.     7. 

2.  Limbs  absent.  Length  when  adult  about  2  ft.  of  which 
about  two  thirds  are  normally  tail.  *Glass  or  Joint  Snake, 
{Ophisaurus  ventrahs). 

Limbs  present.     Length  when  adult  1  ft.  or  less.     3. 

3.  Body  very  smooth  and  shiny.     4. 

Body  not  very  smooth  and  shiny,  scales  at  least  somewhat 
rough.     5. 

4.  Length  about  5  inches  or  less,  unstriped.  Ground  Lizard 
{Leiolepisma  laterale). 

Length  over  S  inches  or  else  with  lengthwise  stripes. 
Large  adults  often  unstriped  with  reddish  head.     Blue 

*Th€  tail  as  in  all  lizards  is  very  easy    to  bici^  off,   and  hence  a  iclaw 
enake  with  an  injnred  tail  growing  afresh,  may  have  the  tail  quit«  ahurt. 
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.tailed  Lizard,  '■* Red-keaded  Scorpion"  iEumeces  quin- 
quehneattts.) 

5.  Back  crossbanded,  or  else  throat  and  sides  of  belly  dark 
blue.  Scales  very  rougb.  Fence  Lizard  (^Scehporus 
undulatus) . 

Back  not  crossbanded,  throat  not  dark  blue,  scales  not 
very  rough.    6. 

6.  Back  with  lengthwise  stripes  Sand  Swift  {Cncmido- 
pkorus  sexlineattis). 

Back  unstriped.  Color  green,  brown  or  blackish.  Green 
Lizard,  '^ Charneleon"  (Anolis  airoUnensis). 

7.  A  pit  of  hollow  in  the  side  of  head  between  eye  and 
nostril.  Plates  on  underside  of  tail  mostly  not  in  pairs. 
Head  much  broader  than  the  neck.  Tie  Rattlesnakes 
and  their  kin.     {Family  Crotalidae).     8. 

No  pit  on  side  of  head  between  eye  and  nostril.  Plates 
on  under  side  of  tail  in  pairs.  Top  of  head  covered 
with  large  plates.     11. 

8.  Tail  with  a  rattle.  Top  of  head  covered  with  large 
plates.  Size  small.  Rattle  small.  Ground  Rattlesnake 
{Sistrurus  mtliarius). 

Tail    with  a   rattle.     Top  of   head  covered  with  small 
scales.     Size  large,  rattle  large.     9. 
Tail  without  a  rattle.     Top  of  head  covered  with  large 
plates.     10. 

9.  Markings  on  back  in  form  of  diamond-shaped  blotches. 
Diamond  Rattlesnake  {Crotalas  adamanteus). 
Markings  on  back  in  form  of  dark,  ragged-edged  cross 
bands,  or  sometimes  when  the  animal  is  very  dark,  wholly 
absent.     Banded  Rattlesnake  (  Crotalus  horridus) . 

10.  Top  of  head  blackish  brown,  colors  darker.  *Cotton- 
mouth  {Ancistrodon  piscivorus). 

•The  Cotl«nmouth  ii"  cfintimmllj  confiiHed  with   tlif    lann-    water  sn&kM 
of  the  (n-niia  Natrix,  which  are  perfectly  harmlew:. 
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Top  of  head  reddish,  colors  paler.  Copperhead  {Ancis- 
Iron  contortrix). 

11.  Upper  parts  unmarked.     12. 
Upperparts  with  evident  markings.     22. 

12.  Upper  parts  gjeen.     13. 
Upper  parts  not  green.     14, 

13.  fScales  keeled.  Southern  Green  Snake  ( Cyclophh  aesti- 
vus). 

Scales  smooth.  Northern  Green  Snake  {Ltopeltis  ver- 
nalis). 

14.  Color  of  upper  parts  black.     15. 

Color  of  upper  parts  some  shade  of  brown.     17. 

15.  Snout  recurved  and  keeled.  Scales  keeled.  Black  Adder 
{Heterodon  platyrhinus  var.  niger). 

Snout  as  usual,  not  recurved  nor  keeled.     16. 

16.  Scales  all  smooth.  Underparts  slaty  black  except  the 
throat  which  is  white.  Black  Snake  {Bascanion  con- 
strictor^. 

Middle  rows  of  scales  faintly  keeled.  Underparts  black- 
ish, except  for  about  the  front  third,  which  is  white. 
Chicken  Snake  {Coluber  obsoletus). 

17.  Scales  keeled.     18. 
Scales  smooth.     19. 

18.  Size  small,  under  1  ft,  when  adult.  Brown  Snake  (Hal- 
dea  slrialuld). 

Size  larg-e.  Coppery  red  below.  Copperhelly  (Nalrix 
f.  erythrogastra). 

19.  Size  large.  (Young  crossbanded,  a  foot  long  when 
hatched.)     Coach-whip  (Bascanion fiagellum). 

Size  small,  under  one  foot  when  adult.    20. 


t  The  HcaleH  of  a  Mnake  are  either  perfectly  smooth    or  else  with  a  little 
ridge  down  the  middle,  in  the  latter  caae  they  are  said  to  be  keeled. 
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20.  Under  parts  reddish.  Ground  Snake  {Carfhopkwp 
amoenus). 

Under  parts  whitish  or  yellowish.     21. 

21.  Top  of  head  darker  than  back.     Color  of  back  reddish 
brown.     Brown-headed  Snake  {Rhadinaea  flavilata). 
Top  of  head  same  color  as  back.    Color   of  upper  parts 
grayish  brown.    •  Valerias  Snake  (  Virginia  valertae). 

22.  Markings  confined  to  red  and  black  blotches  on  the  sides. 
Under  parts  red.  Size  large,  scales  stnooth.  Horn  Snake 
{Farancia  abacura). 

Markings  on  upper  parts  confined  to  a  light  or  dark 

cross  band  on  neck.     23. 

Back  striped  or  spotted  or  both.     24. 

23.  Under  parts  white,  crossband  on  neck  black.  Cfoained 
Tantilla  ( TanUlla  coronata). 

Under  parts  reddish,  crossband  on  neck  white.     Brown 
Snake  (Haldea  striatula),  some  young  specimens. 
Under  parts  yellow,  spotted  with  black,    crossband  on 
neck,  yellow.    Bingnecked  Snake  {Diadophts  pundatus). 

24.  Body  striped  lengthwise.     25. 
Body  not  striped  lengthwise.     31. 

25.  Scales  keeled.     26. 

Scales,  or  at  least  most  of  the  lower  rows,  smooth.    30. 

26.  Under  parts  with  dark  stripes.  WiiloTv  Snake  {Natrix 
leberis). 

Under  parts  not  striped.     27. 

27.  Size  small,  under  1  ft.  when  adult.  No  side  stripes  but 
only  one  down  the  middle  of  back.     28. 

Size  larger,  adults  over  two  feet  in  length.     Side  stripes 
usually  present.     29. 

28.  Under  parts  red.  Three  pale  spots  on  nape.  Redbel- 
lied  Snake  {Storeria  occipitomaculata). 

■V&lerias  Snake  iisnally  has  Hnall  biackiah  dots  on    back,  but   these  an 
not  ver;  conepknouB. 
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Under  parts  whitish.  Not  three  pale  spots  on  nape. 
DeKays  Snake  {^Storeria  dekayt). 

29.  Side  stripes  on  third  and  fourth  rows  of  scales,  count- 
ing from  belly  plates;  no  square  black  spots  between 
stripes  of  side  and  that  on  back.  Slim  Garter  Snake 
[Eulaem'a  sirtalis). 

Side  stripes  on  second  and  third  rows  of  scales.  Square 
black  spots  between  stripes.  Garter  Snake  (Eutaenia 
sirtalis). 

30.  Three  red  stripes  on  a  darker  ground.  Underparts  red, 
spotted  with  black.  Hoop  Snake  {Abastor  erytkro- 
grammus). 

Four  dark  stripes  on  a  lighter  ground,  Underparts  yel- 
lowish.   Striped  Chicken  Snake  (Coluber  guadrivittalus). 

31.  Body  above  with  crossbands  of  red,  black,  and  white 
(or  yellow).     32. 

Body  not  colored  as  above.     34. 

32.  Every  alternate  crossbar  yellow.  Coral  Adder  {Elaps 
/ulvius). 

Every  alternate  crossbar  black.     33. 

33.  Snout  narrow,  under  parts  white.  Red  Snake  {Cema- 
phora  coccinea). 

Snout  rounded,  under  parts  with  black  markings.  Red 
King  Snake  (Ophibolus  doUatus  coccineus). 

34.  Scales  all  smooth.  33. 
Scales  keeled,  42. 

35.  Black  with  narrow  white  crossbars  forking  on  the  sides. 
King  Snake  ( Ophibolus  getulus). 

Not  as  atwve.     36. 

36.  Underparts  with  squarish  black  spots.    37. 
Underparts  not  with  squarish  black  spots.     38. 
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37.  Head  lar^e,  broader  than  the  neck.  fAnal  plate  divided. 
Spotted  Racer.     Rat  Snake  {Coluber guttatus). 
Head  small,  not  broader  than  neck.    Anal  plate  undi- 
vided.    Milk  Snake  {Ophibolus  dolialus  triangulus). 

38.  Head  large,  broader  than  neck.  Anal  plate  divided.  39. 
Head  small,  not  broader  than  neck.  Anal  undivided. 
Brown  King  Snake  {Opktbolus  rhombotnacuUttus). 

39.  IScales  in  25  or  27  rows.     40. 
Scales  in  19  rows.    41, 

40.  Underparts  yellowish.  Striped  Chicken  Snake,  young. 
Underparts  slat;  black  behind,  whitish  in  front.  Chicin 
Snake,  young. 

41.  SUpper  lip  plates  7  on  each  side.  Black  Snake,  young. 
Upper  lip  plates  8  on  each  side.     Coachwkip,  young. 

42.  Snout  recurved  and  keeled.     43. 
Snout  not  recurved  and  keeled.     44. 

43.  Small  plate  just  behind  snout  plate  with  several  small 
scales  round  it.  Snout  more  strong-ly  recurved  and 
keeled.     Hognosed  Snake  (Heterodon  simits). 

Small  plate  just  behind  snout  plate  without  any  small 
scales  round  it.  Snout  less  strong;ly  keeled  and  recurved. 
Spreading  Adder  {H.  platyrhinus). 

44.  Anal  plate  undivided.  Ground  color  whitish  witb 
dark  spots  on  back.  Bull  Snake  {Pityopkis  melanoleu- 
cugs). 

Anal  plate  divided.    45. 

tAnal  plate  is.  the  plate  immediatelj  in  troiit  <>£  tlur  \'<'nt,  wliich  in  mo* 
of  our  foniiH  is  divided  longitudinal  I  jr  into  twn  pieces,  but  in  sontr  it  i-' 
undivided. 

tBowB  of  scales  are  counted  diagouall;  banning  with  the  row  just  ibow 
the  bell;  platee  and  are  iimialljr  uneven  in  number. 

^The  upper  labiale  or  lip  platea  are  the  platee  along  tlte  edge  of  Uk 
Upper  Upa,  excluding  the  plate  at  tip  of  itnout. 
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45.  Only  the  middle  rows  of  scales  keeled,'  size  small. 
*  Chicken  Snake,  young. 

All  rows  of  scales  strongly  keeled.     46. 

46.  Spots  OD  back  forming:  crossbars  with  no  alternating' 
spots  on  sides.  Southern  Water  Snake  (Natrix  fasdata 
/asciata). 

Spots  on  back  forming  crossbars  on  front  part  of  body, 
and  on  hinder  part  alternating  with  spots  on  the  sides. 
Common  Water  Snake  {Natrix  fasciata  Stpedon). 
Spots  on  back  alternating  with  spots  on  sides  from  head 
to  tail.     Pied  Water  Snake  {Natrix  taxispilola). 


NOTBS  ON  THE  SPBCIES  INCLUDED  IN  THE  KEY. 

The  following  species  are  poisonous:  The  three  species  of 
Rattlesnake  (Ground,  Banded,  and  Diamond  Rattlesnakes), 
the  Copperhead,  and  the  Cottonmouth,  and  lastly  tbe  Coral 
Adder,  which  last  belongs  to  the  same  group  of  snakes  as  the 
deadly  cobra  of  India.  The  following  harmless  snakes  are 
often  confused  with  poisonous  species:  the  Spreading  Adder 
with  tbe  Copperhead;  the  harmless  water  snakes  with  the 
cottonmouth,  both  forms  being  indiscriminately  known  as 
water  moccasins;  and  the  red  snake  and  red  king  snake  with 
the  coral  adder. 

A  few  of  the  species  listed  have  not  yet  been  recorded  from 
North  Carolina,  these  are  the  coral  adder,  northern  green 
snake,  coachwhip,  and  milk  snake,  and  we  have  only  one 
unsatisfactory  record  of  the  bull  snake. 

Of  the  species  included  in  the  key,  the  following  have  not 
yet  been  taken  in  this  state  outside  of  the  lower  austral  life 
zone,  whose  northern  boundary  in  this  state  appears  to  be 
approximately  a  line  drawn  from  Norfolk  through  Raleigh, 
and  thence  to  Charlotte: 

*Tlie  Southern  Chicken  Snake  (Colnber  oteoletufl  confinix)  maj  poesibly 
occur,  in  which  ciute  the  keys  for  thu  yonng  of  the  Chicken  Snake  would 
applj  to  this  also.  1  du  uot  know  huw  the  youiig  of  the  two  forum  would 
b«  distinguished. 
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Glass  Snake,  at  Raleigh,  Gamer,  Soathport,  Beaufort. 

Green  Lizard,  at  Southport,  Wilming'toti,  Beanfort,  Lake 
Ellis,  Tryon,  and  Lumberton. 

Hoop  Snake,  at  Newbeme,  Kinston,  Wilmiitf^toD,  Lake 
EUis. 

Horn  Snake,  at  Newbeme,  Wilmingrton,  Lake  Ellis. 

Brown  headed  Snake  at  Fort  Macon. 

Hognosed  Snake  in  Wake  Co.,  at  Goldsboro  and  Lake 
Ellis. 

Spotted  Racer  at  Raleig'b,  Lake  EUis  and  Washington. 

Striped  Chicken  Snake,  at  Xewberne  and  Cape  Hatteras. 

Red  King  Snake,  at  Raleigh. 

Red  Snake  at  Raleigh. 

Pied  Water  Snake  at  Kinston,  Avoca,  Newbeme  and  Lake 
Ellis. 

Southern  Water  Snake  at  Newbeme,  Wilmington,  and 
Lake  Ellis. 

Crowned  Tantilla  at  Raleigh. 

Cottontnouth  at  Newbeme,  Wilmington,  Lake  EUis,  Cape 
Hatteras,  Beaufort,  Washington,  and  Raleigh. 

Ground  Rattlesnake,  at  Wilmington,  and  Beaufort. 

Diamond  Rattlesnake  at  Havelock  below  Newbeme. 

Records  of  the  Coral  Adder,  Coachwhip,  Milk  Snake, 
Northern  Green  Snake,  and  Bull  Snake  are  very  much  desired 
as  also  records  of  any  other  species  of  snakes  and  lizards, 
particularly  those  congged  to  the  lower  austral  zone. 

Of  the  four  species  listed  as  possibly  occurring  in  the  state, 
the  Coral  Adder  and  Coacbwhip  are  confined  to  the  lower 
austral  zone,  and  should  be  looked  for  in  the  southeastern 
portion  of  the  state,  while  the  Milk  Snake  is  most  apt  to  be 
found  in  the  northwest  corner.  The  Northern  Green  Snake 
is  apt  to  occur  anywhere  in  the  state  but  is  not  likely 
to  be  common  anywhere,  and  the  Bull  Snake,  of  which  we 
have  a  doubtful  record  from  Wake  Co.  is  liable  to  occur  in 
the  pine  woods  of  the  region  near  the  coast. 

The  other  species  of  snakes  and  lizards  probably  occur 
throughout  the  entire  state,  except  in  portions  of  the  moan- 
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tain  regfion,  but  our  actual  records  are  few  -and  scattered. 

Persons  haviag-specimeas  of  an;  reptile  that  they  are  not 
well  acquainted  with,  would  do  well  to  communicate  with  the 
Curator  of  the  State  Museum  at  Raleigh,  or  with  myself. 
C.  S.  Brihlbt, 
Newberne  Ave.,  cor.  Tarboro  St., 
Raleigh,  N.  C. 

(Information  is  also  desired  concerning  the  occurrence  of 
the  allig-ator  in  the  state  and  also  as  to  the  occurrence  of  the 
species  of  soft  shelled  turtles  in  the  Mississippi  drainage  as 
well  as  in  the  southeast  of  the  state,  the  two  different  parts  in 
which  they  may  possibly  occur.) 
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THE  SALAMANDERS  OF  NORTH  CAROLINA 


C.    S.    BRIM  LEY 


Salamanders  are  animals  which  are  commonly  coafnsed 
with  lizards  and  which  mainly  resemble  them  in  external  ap- 
pearance. Their  true  affinities,  in  spite  of  the  possession  of 
limbs,  are  however  with  the  fishes,  with  which  group  thej 
and  the  other  amphibians  are  sometimes  combined  under  the 
name  of  Icthyopsida. 

They  differ  externally  from  from  all  our  lizards  in  the  pos- 
session of  a  moist  skin  without  scales,  while  all  our  lizards 
have  a  dry  scaly  skin.  The  skin  in  salamanders  and  other 
amphibians  (fro^  and  toads)  is  always  moist,  and  used  to 
some  extent  (whollyin  many  species)  as  an  organ  of  respira- 
tion. 

The  fonns  which  occur  or  are  liable  to  occur  in  this  state 
may  be  recognized  by  the  following  key. 

KBV  TO  THB  SALAMANDBBS  OCCDSING  OR   LIABLB  TO  OCCUR  FN 
HORTH  CAROLINA 

1.  Adults  with  with  external  gills,  2. 
Adults  without  external  gills,  5. 

2.  Hind  limbs  absent,  3. 

Hind  limbs  present.     Toes  4  on  both   hind   and  fore- 
feet, 4. 

3.  Toes  4.     Size  large.     Great  Siren  {Siren  lacertina). 
Toes  3.  Size  small.  Little  Siren  {Pseudobranckus  slriatui). 

4.  Brown   with   darker  spots.     Water  Dog  {Necturus  nutc- 
ulatus) . 

150  {DfcaiAir 
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Pale  unspotted.     Southern  Water  Dog  {Necturus  punc- 
tatus). 

5.  Adults  witb  a  rounded  opening-  on  each  side  of  neck,  6. 
Adults  without  a  rounded  openings  on  each  side  of 
neck,  7. 

6.  Body  eel-shaped,  with  radimentary  limbs.  Toes  2  or  3 
each  on  both  fore  and  hind  feet.  DiicA  Eel  {^Ampht- 
uma  means). 

Body  stout,  salamander  shaped.     Toes  4  on  fore,  5  on 
hind  feet.      Hellbender  {Cryptobranckus  alleghaniensis). 

7.  Tongue  mushroom  shaped,  i.  e.  a  circular  disk  on  a 
central  stalk,  8. 

Tongue  not  attached  by  a  central  stalk  only,  15. 

8.  Toes  on  hind  feet  4.  Size  very  small,  yellowish  brown. 
Dwarf  Salamander  {Manculns  quadridigilatus). 

Toes  on  hind  feet  5.     (Genus  Spelerpes),  9. 

9.  •Costal  grooves,  13  or  14.     10. 
Costal  grooves  15  to  17.     13. 

10.  Tail  about  as  long  as  rest  of  body.  Yellow  with  a  dark 
line  along-  each  side  of  back.  Underparts  unmarked. 
Strtped  Salamander  {S.  bilineatus). 

Tail  1  1-2  to  2  times  as  long  as  body.     11. 

11.  Color  vermilion  red,  witb  many  brown  spots.  Tail 
spotted,  not  barred.  Spotted  tailed  Trition  (S.  maculi- 
caudus). 

Color  yellow.    12. 

12.  Underparts  marbled  witb  black.  Back  with  a  black 
stripe  down  middle  and  another  on  each  side.  Hoi- 
brook's  Triton  {S.  guttolineatus). 

Underparts   unmarked.     Back  and  sides  with  irregular 
black  spots.     Long-tailed  Salamander  {S.  longicauda). 

■OtHtal  gtwiwft  are  grooves  od  the  sides  indicating  where  the  ribs  are. 
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13.  'Upper  jaw  bearing-  on  its  marg^in,  immediatelj  below 
each  nostril,  a  prominent  tubercule.  Color  light  choc- 
olate brown,  spotted  with  brown.  Underparts  unmarked. 
DaniePs  Salamander  {S.  daniehi). 

Upper  jaw  bearing  no  auch  tubercle.     14. 

14.  Color  red  of  varying  shades  spotted  above  or  below 
with  black  or  both.     Red  Triton  {S.  ruber). 

Color  yellowish  or  purplish  brown  at>ove,  irregularly 
blotched  with  gray.  Purple  Salamander  (5".  porpky- 
riticus) . 

15.  Head  with  three  longitudinal  grooves.  Underparts  yel- 
low or  red  below  with  black  dots.     16. 

Head  without  longitudinal  grooves.     17. 

16.  Each  side  with  a  row  of  red  spots,  each  spot  surrounded  by 
a  black  ring.  American  Newi  (Dtemyctylus  vin'descens). 
£ach  side  with  a  series  of  black  bordered  red  lines, 
replacing  the  black  ringed  spots.  Wilmington  Newt 
{D.  V.  vittatus). 

17.  Salamanders  with  rather  long  toes  on  all  four  feet,  the 
outer  and  inner  ones  well  developed.  Tail  compressed. 
(Genus  Ambystoma).     18. 

Salamanders  with  shorter  toes,  the  outer  or  inner  toes 
or  both  usually  reduced  tn  size  or  rudimentary.  Tail 
not  much  compressed.    26. 

18.  Costal  grooves  10.  Form  short  and  stout.  Color  black- 
ish brown  with  gray,  lichen  like  markings.  Mole  Sola' 
mander  {A.  iaipoideum). 

Costal  grooves  more  than  10.     19. 

19.  Costal  grooves  usually  11.     20. 
Costal  grooves  14.    23. 


*Siinil«r  tubercles  occur  more  or  less  frequently  in  Manculua  qoAdridi- 
giuius,  Sp.  bilineatuB,  Sp,  guttoUneatuB  and  tegutarl;  in  Sp.  macuUcaudft. 


idbyGoOglc 


/JW7]        The  Salamanders  of  North  Carolina  153 

20.  Bluish  black  with  gray  or  white  blotches  or  crossbars 
on  the  upper  parts  of  head,  body  and  tail,  usually 
about  12  or  14  in  all.  Underparts  unmarked.  Marbled 
Salamander  (j4.  opacum). 

Not  as  above.    21. 

21.  Black  with  a  series  of  large  round  yellow  spots  down 
each  side  of  back.  A  strong  dorsal  groove.  Spatted 
Salamander  {A.  punctaium). 

Lead   colored   with  one  or  two  series  of  small   yellow 
spots    along    sides.      No    dorsal    groove,    size    small. 
Smaller  Spotted  Salamauder  {A.  conspersum). 
Not  as  above.     22. 

22.  Dark  brown,  yellpwish  below.  No  markings.  Sope^s 
Salamander  (A.  ^opeanum). 

Olive  brown,  yellowish  below.  Limt>s  banded,  tail 
spotted.  A  few  ill-defined  yellowish  spots  above.  Two 
colored  Salamander  {A.  bicolor). 

23.  Markings  g-rayish  or  whitish.     24. 
Markings  brown  or  yellow,    25. 

24.  Olive  brown  or  blackish  with  pale  or  bluish  spots,  these 
sometimes  absent.  Jefferson's  Salamander  {A.  jefferson- 
ianum) . 

Black  with  a  narrow  gray  line  between  each  pair  of 
costal  folds,  these  either  crossing  the  back  undivided 
to  meet  their  fellows  from  the  opposite  side  or  forking 
to  meet  a  similiar  fork  from  the  other  side.  Under- 
parts thickly  speckled  with  gray.  Banded  Salamander 
(A.  ctngulalus). 

25.  Tail  very  long,  much  longer  than  head  and  body.  Ohio 
Salamander  {A.  xiphias). 

Tail  atwut  as  long  as  head  and  body.  Color  varying 
from  uniform  brown  to  yellow,  but  usually  spotted. 
Tiger  Salamander  {A.  tigrinum). 

26.  Toes   on  bind   feet   4.     Underparts   with  dots   like  ink 
spots.     Scaly  Salamander  {Hemtdactylium  scutatum). 
Toes  on  hind  feet  5.    27. 
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27.  Head  with  enlarg-ed  pores,  which  give  it  a  pitted  ap> 
pearance.  Underparts  usually  with  black  dots.  Sides 
with  dark  longitudinal  stripes.  Margined  Salamander 
(Slereochilus  marginalus). 

Not  as  atwve.     28. 

28.  Tail  coiDpressed  and  finned  at  least  for  the  apical  two 
thirds.     29. 

Tail  rounded.    32. 

29.  Color  wholly  black  above  and  below.  Black  Trilen 
{Desmognathus  nigra). 

Color  not  all  black.     30. 

30.  Snout  very  flat,  broad  and  depressed.  Yellowish  buff, 
thickly  marked  above  with  confluent  black  blotches. 
Underparts  unmarked.  Moore's  Triton  {Leurognatkui 
marmoralus). 

Snout  more  or  less  arched.     31. 

31.  Skin  of  head  granulated.  Underparts  usually  more 
or  less  uniform  slate  color.  Sise  rather  lar^e.  Moun- 
tain Triton  (Desmognathus  quadnmaculafus). 

Skin  of  head  not  granulated.     Underparts  pale.     Brown 
Triton  (Desmognathus  fusca), 

32.  Color  brownish  yellow,  often  spotted.  Tellow  Salaman- 
der {Desmognathus  ochrophea).* 

Color  blackish  or  plumbeous.     (Genus  Plethodon.)    33. 

33.  Color  lead-colored  with  a  chestnut  red  dorsal  band,  size 
small.     Redbacked  Satatnander  (P.  erythronoius) . 
Color  uniform   lead  color.       Plumbeous  Salamander  P. 
e.  cinereus). 

Color  black  with  various  markings.     34. 

34.  Black  with  red  legfs.     Sherman  Salamander  {P.  Sher- 


*AI]  the  species  of  the  the  Kesus  nei>nu>^athu»i  have  a  ptK-uUar  phpiott- 
om;  which  ih  very  charncteristic,  but  not  easy  to  describe. 
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Black  with  an  orange  yellov  stripe  on   sides  of   head 
and  neck.     Jordan  Salamander  {P.  jordani). 
Black  with  bluish  white  blotches  and  specks,  occasion- 
aly  unspotted.     Slimy  Salamander  (P.  glutinosus) . 
Black  with  yellowish  green  blotches  of  irregular  form 
on  back  and  sides.     Bronzy  Salamander  {P.  aetieus). 

Of  the  above  species  the  following  have  not  yet  been  taken 
in  the  state:  Little  Siren,  Spotted-tailed  Triton,  Long-tailed 
Salamander,  Smaller  spotted  Salamander,  Cope's  Salamander 
Two-colored  Salamander,  Banded  Salamander,  Ohio  Sala- 
mander, Scaly  Salamander,  Jordan  Salamander,  Bronze  Sala- 
mander. Most  of  these  however  may  possibly  occur,  and 
some  of  them  are  almost  certain  to  be  secured  with  more  • 
careful  and  complete  collecting. 

The  species  known  to  occur  in  the  State  have  been  collected 
in  the  following  localities: 

Great  Siren.     Craven  Co.,  New  Hanover  Co. 

Water  Dog.     Wake. 

Southern  Water  Dog.     New  Hanover. 

Ditch  Eel.    Wake,  Olgecombe,  Dare,  Bertie  and  Craven. 

He1]t>ender.    Yancey. 

Dwarf  Salamander.    Wake,  Lenoir. 

Striped  Salamande;.  Wake,  Buncombe,  Yancey,  Mitchell 
and  Forsyth. 

Holbrook's  Triton.  Wake,  Buncomt>e,  Forsyth,  and  valley 
of  French  Broad. 

Daniel's  Salamander.     Yancey. 

Red  Triton.  Wake,  Buncombe,  Mitchell,  Carteret,  Yan- 
cey, Burke,  Orange,  Wayne,  Forsyth  and  Henderson. 

Purple  Salamander.     Mitchell. 

American  Newt.     Wake,  Henderson,  Lenoir. 

Wilmington  Newt.     New  Hanover. 

Mole  Salamander.     Valley  of  French  Broad. 

Marbled  Salamander.  Wake,  Edgecombe,  Guilford,  Col- 
umbus, Forsyth,  Lenoir. 

Spotted  Salamander.     Wake. 
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Tiger  Salamander.     Moore. 
Jefferson  Salamander.     Mitcfaell. 

Redbacked  Salamander.      Mitchell,    Pitt    (same    localities 
for  Plumbeous  S). 
Margined  Salamander.     Craven. 
Black  Triton.     Mitchell. 
Moore's  Salamander.     Grandfather  Mt. 
Mountain  Salamander.     Yancey,  Mitchell,  Henderson. 
Brown  Triton.     Wake,  Craven,  Forsyth,  Lenoir. 
Yellow  Triton.     Yancey,  Mitchell. 
Sherman  Salamander.     Kantahala  Mt. 
Slimy  Salamander.     Whole  State. 
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A  KEY  TO  THE  SPECIES  OF  FROGS  AND  TOADS 
LIABLE  TO  OCCUR  IN  NORTH  CAROLINA 


C.    S.    BRIHUY 


Upper  jaw  without  any  teeth.     2. 

Upper  jaw  with  teeth.    5. 

Skin  smooth.     Size  small.     Snout  pointed.     No  para- 

toid  glands  (just  behind  ear).     Hind  feet  not  webbed. 

Toothless  Frog  (/t'ngysioma  carolinense). 

Skin  warty.    Paratotds  larg'e.     Hind  feet  little  webbed. 

Head  with  bony  ridges  above.     Toads.  3. 

Size   small,  length  of  head   and   body  one  inch.     Skin 

very   rough.      Bony   ridges  turning   inward    almost   at 

right  angles  just  back  of  the  eyes.     Divarf  Toad  {Su/o 

guercicus). 

Size  larger,  adults  about  3  or  4  inches  long.    Skin  not  so 

rough.    Bony  ridges  on  top  of  bead  not  turning  abruptly 

inward  back  of  eyes.     4. 

Bony  ridges  ending  in  a  knob  behind.     Southern   Toad 

{B.  /enitginosus). 

Bony   ridges  not  ending  in   a   knob   behind.     Common 

Toad  {B.  I.  americanus). 

Paratoids  present.     Hind  feet  webbed.     Heel  with  a  flat, 

sharp-edged  spur.     Solitary  Sfadefoot  Scafikiopus  hol- 

brooki). 

Paratoids  absent.     No  sharp  edged  spur  on  heel.  6. 

Fingers  and  toes  dilated  at  their    tips,    this  dilation 

forming  a  viscous  disk.    Tree  frogs.    7. 

Fingers  and  toes  not  much  dilated  at  tips.     13, 
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Back  witb  a  dark  x-shaped  mark,   size  small.     F^eper 
{Hyla  ptckeringt). 

Back  marked  or  not,  but  if  marked,   the   markings  do 
not  form  an  z-sbaped  mark.     8. 

Back  of  tbigb  not  marked  witb  yellow  spots   or  varie- 
gations.    9. 
Back  of  tbigb  witb  yellow  spots  or  variegations.     11. 

A  yellow  band  on  upper  lip  and  sides  of  body,  sharply 

defined  above  and  below.     Back  witb   minate   yellowish 

spots.     Carolina  Tree  Frog  {Hyla  dnerea). 

Yellow   or    white  band  on  sides    not    sharply    defined 

above  and  below.     10. 

Size     large,   feet    edged   with    yellow.     Georgia     Tru 

Frog  {H.  gratiosa). 

Size  small,  feet  not  edged  with  yellow.     Squirrel  Tree 

Frog  (H.  sgmrella). 

Size  large,  skin  of  back  rough.     A  light    spot  on  upper 

jaw  just  below  eye.     Common  Tree  Frog{H.  versicolor). 

No  light  spot  below  eye.     12. 

A  plum  colored  line   along  sides   of   body   with   yellow 

spots  below  it.     Anderson's  Tree  Frog  (H.   andersoni). 

No  yellow  spots  on  sides.     Pine  woods  Tree  Frog  {ff. 

femoralis). 

Feet  unwebbed,  size  small.     (Genus  Cborophilus).     14. 

Feet  more  or  less  webbed.     IS, 

Skin  of  upper  surface  granulated.     Chorus  Frog  (C 

nigrttus  and  subspecies). 

Skin  of  upper  surface  smooth,  a  dark  patch  on  ear. 

Smooth  Chorus  Frog  (C.  occidentalis) . 

Size  small.     Skin   above   warty.     A  dark    triangle  be- 
tween eyes.     Cricket  Prog  {Acris  gryllus). 
Size  larger.     Skin  above  smooth.     16. 

A  ridge  of  raised  skin  along  each  side  of  back.     17. 
No  narrow  ridge  of  raised  skin  along  side  of  back.     19. 
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17.  A  black  ear  patch.     Vfood  Frog  (Rana  sylvatica). 
No  black  ear  patch.     18. 

18.  Fold  of  skin  down  each  side  of  back  white.     Back  with 
large  dark  spots.     Leopard  frog  {Rana pipiens). 

Fold  of  skin  down  each  side  of  back  the  same  color  as 
back.  Back  with  a  few  small  dark  spots  or  none. 
Spring  Frog  {Rana  clamatd). 

19.  Back  with  large  dark  spots  in  two  rows.     Size  medium. 
Pickerel  Frog  (Rana  palusiris). 

Back  with  irreg:ular  dark  spots  or  none.  Size  large. 
Bullfrog  (Rana  catesbiana). 

Sides  with  two  light  brown  longitudinal  bands.  Cope's 
Frog  (Ranavirgatipes). 

Of  the  species  included  to  the  kej  the  following  have  not 
yet  to  my  knowledge  been  recorded  from  from  North  Caro- 
lina: Anderson's  Tree  Frog,  Georgia  Tree  Frog,  Smooth 
Chorus  Frog,  and  Southern  Toad. 

The  other  species  have  been  taken  in  the  following  local- 
ities: 

Toothless  Frog.     Wake,  Johnston  and  Wayne  Co's. 

Dwarf  Toad.     Lenoir  a;id  Carteret. 

Common  Toad.  Forsyth,  Wake,  Jackson,  Craven,  Lenoir 
and  Wayne. 

Solitary  Spadefoot.     Wake. 

Peeper.     Wake,  Mitchell,  Wayne,  Johnston,  Guilford. 

Carolina  Tree  Frog.     Lenoir  and  Dare. 

Squirrel  Tree  Frog.     Dare,  Craven,  Brunswick. 

Pine  woods  Tree  Frog.     Craven  and  New  Hanover. 

Common  Tree  Frog.     Wake,  Wayne,  Forsyth  Pitt. 

Chorus  Frog.     Guilford  and  Wake. 

Cricket  Frog.     Wake,  Craven,  Wayne,  Forsyth,  Guilford. 

'Wood  Frog.     Lenoir. 

Pickerel  Frog.    Wake,  Mitchell,  Lenoir. 

Leopard  Frog.     Wake,  Craven,  B^gecombe,  Dare. 

Spring  Frog.     Craven,  Wake,  Forsyth,  Guilford,  Mitchell. 

Bullfrog.     Wake,  Craven,  Edgecombe. 

Cope's  Frog,     Craven. 
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These  keys  (to  snakes  and  lizards,  salamanders,  and  to 
toads  and  frogs)  have  been  prepared  with  the  idea  of  givioK 
intelligent  persons  without  special  knowledge  on  the  subject 
an  opportunity  of  identifying  our  native  forms  of  these 
groups.  The  keys  must  not  be  expected  to  be  infallible 
though  I  have  endeavored  to  make  them  as  accurate  as 
possible. 
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ON    SOME    PHENOMENA   OP    COALESCENCE    AND 
REGENERATION  IN  SPONGES' 


BY  H.  V.  WILSON 


I 


In  a  recent  communication  I  described  some  degenerative 
and  regenerative  phenomena  in  sponges  and  pointed  out  that 
a  knowledge  of  these  powers  made  it  possible  for  us  to  grow 
sponges  in  a  new  way.  The  gist  of  the  matter  is  that  sili- 
cious  sponges  when  kept  in  confinement  under  proper  condi- 
tions degenerate  in  such  a  manner  that  while  the  bulk  of  the 
sponge  dies,  the  cells  in  certain  regions  become  aggregated 
to  form  lumps  of  undifferentiated  tissue.  Such  lumps  or  plas- 
modial  masses,  which  maj  l>e  exceedingly  abundant,  areoften 
of  a  rounded  shape  resembling  gemmules,  more  especially  the 
simpler  gemmules  of  marine  sponges  (Chaliaa,  e.  g,),  and 
were  shown  to  possess  in  at  least  one  form  (Stylotella)  full 
regenerative  power.  When  isolated  they  grow  and  differen- 
tiate, producing  perfect  sponges.  I  descritwd  moreover  a 
simple  method  by  which  plasmodial  masses  of  the  same 
appearance  could  be  directly  produced  (ioMicrociona).  The 
sponge  was  kept  in  aquarium  until  the  degenerative  process 
had  begun.  It  was  then  teased  with  needles  so  as  to  liberate 
cells  and  cell  agglomerates.  These  were  brought  together 
with  the  result  that  they  fused  and  formed  masses  similar  in 
appearance  to  those  produced  in  this  species  when  the  sponge 
remains  quietly  in  aquarium.     At   the  time  I  was  forced  to 

iReprinted  from  Jouiimal  or  ExpaHHSNTAL  ZoAlogt.  tol.  v,  no.  2.,  uid 
pabliahed  with  the  perauBsion  of  Hon.  Geo.  H.  Bowen,  U.  S.  Com- 
miaaioner  of  F^^teriee. 
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leave  it  an  open  question  whether  the  masses  of  teased  tissue 
were  able  to  regenerate  the  sponge  body. 

During  the  past  summer's  work  at  the  Beaufort  Laboratory" 
I  again  took  up  this  question  and  am  now  in  a  position  to 
state  that  the  dissociated  cells  of  silicious  sponges  after 
removal  from  the  body  will  combine  to  form  syncytial  masses 
that  have  power  to  differentiate  into  new  sponges.  In  Micro- 
ciona,  the  form  especially  worked  on,  nothing  is  easier  than 
to  obtain  by  this  method  hundreds  of  young  sponges  with 
well  developed  canal  system  and  flagellated  chambers.  How 
hardy  sponges  produced  in  this  artificial  way  are  and  how 
perfectly  they  will  differentiate  the  characteristic  skeleton, 
are  questions  that  must  be  left  for  more  prolonged  experimen- 
tation. 

Taking  up  the  matter  where  it  bad  been  left  at  the  end  of 
the  preceding  summer,  I  soon  found  that  it  was  not  neces* 
sary  to  allow  the  sponge  to  pass  into  a  degenerative  state, 
but  that  the  fresh  and  normal  sponge  could  be  used  from 
which  to  obtain  the  teased  out  cells.  Again  in  order  to  get 
the  cells  in  quantity  and  yet  as  free  as  possible  from  bits  of 
the  parent  skeleton,  I  devised  a  substitute  for  the  teasing 
method.    The  method  adopted  is  rough  but  effective. 

Let  me  briefly  describe  the  facts  for  Microciona.  This 
species  (M.  prolifera  Verr.)  in  the  younger  state  is  incrust- 
ing.  As  it  grows  older  it  throws  up  lobes  and  this  may  go 
so  far  that  the  habitus  becomes  bushy.  The  skeletal  frame- 
work consists  of  strong  horny  fibers  with  embedded  spicules. 
Lobes  of  the  sponge  are  cut  into  small  pieces  with  scissors 
and  then  strained  through  fine  bolting  cloth  such  as  is  used 
for  tow  nets.  A  square  piece  of  cloth  is  folded  like  a  bag 
around  the  bits  of  sponge  and  is  immersed  in  a  saucer  of  £]• 
tered  sea-water.  While  the  bag  is  kept  closed  with  the  fin- 
gers of  one  hand  it  is  squeezed  between  the  arms  of  a  small 
pair  of  forceps.     The  pressure   and  the  elastic   recoil  of  the 

^1  am  indebted  to  the  director  of  Uie  sUtioD,  Mr.  H.  D.  Aller,  for  hu 
Undl;  aid  iD  sapplping  nil  facilities  needed  in   the  course  of   my   inveMi- 
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skeleton  break  up  the  living  tissue  of  the  sponge  into  its  con- 
stituent cells,  and  these  pass  out  through  the  pores  of  the 
bolting  cloth  into  the  surrounding  water.  The  cells,  which 
pass  out  in  such  quantity  as  to  present  the  appearance  of  red 
clouds,  quickly  settle  down  over  the  bottom  of  the  saucer  like 
a  fine  sediment.  Enough  tissue  is  squeezed  out  to  cover  the  . 
bottom  well.  The  cells  display  amoeboid  activities  and 
attach  to  the  substratum.  Moreover  they  begin  at  once  to 
fuse  with  one  another.  After  allowing  time  for  the  cells  to 
settle  and  attach,  the  water  is  poured  off  and  fresh  sea-water 
added.  The  tissue  is  freed  by  currents  of  the  pipette  from 
the  bottom  and  is  collected  in  the  center  of  the  saucer. 
Fusion  between  the  individual  cells  has  by  this  time  gone  on 
to  such  an  extent  that  the  tissue  now  exists  in  the  shape  of 
minute  balls  or  cell  conglomerates  of  a  more  or  less  rounded 
shape  looking  to  the  eye  much  like  small  invertebrate  eggs. 
Microscopic  examination  shows  that  between  these  little 
masses  free  cells  also  exist,  but  the  masses  are  constantly 
incorporating  such  cells.  The  tissue  in  this  shape  is  easily 
bandied.  It  may  be  sucked  up  to  fill  a  pipette  and  then 
strewn  over  cover  glasses,  slides,  bolting  cloth,  watch  glasses, 
etc.  The  cell  conglomerates  which  are  true  syncytial  masses 
throw  out  pseudopodia  all  over  the  surface  and  neighboring 
conglomerates  fuse  together  to  form  larger  masses,  some 
rounded,  some  irregular.  The  details  of  later  behavior  vary, 
being  largely  dependent  on  the  amount  of  tissue  which  is 
deposited  in  a  spot,  and  on  the  strength  of  attachment 
between  the  mass  of  tissue  and  the  substratum. 

Decidedly  the  best  results  are  obtained  when  the  tissue  has 
been  strewn  rather  sparsely  on  slides  and  covers.  The  syn- 
cytial masses  at  first  compact  and  more  or  less  rounded,  flat- 
ten out,  Iwcoming  Incrusting.  They  continue  to  fuse  with 
one  another  and  thus  the  whole  cover  glass  may  come  to  be 
occupied  by  a  single  incrustation,  or  there  may  be  in  the  end 
several  such.  If  the  cover  glass  is  examined  at  intervals,  it 
will  be  found  that  differentiation  is  gradually  taking  place. 
The    dense    homogeneous    syncytial  mass  first  develops  at 
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the  surface  a  thin  membrane  with  underlying  connective  tis- 
sue (collenchyma).  Flagellated  chambers  make  their  appear- 
ance in  great  abundance.  Canals  appear  as  isolated  spaces 
which  come  to  connect  with  one  another.  Short  oscular  tubes 
with  terminal  oscula  develop  as  vertical  projections  from  the 
flat  incrustation.  If  the  incrustation  be  of  any  size  it  pro- 
duces several  such  tubes.  The  currents  from  the  oscula  are 
easily  observed,  and  if  the  cover  glass  be  mounted  in  an 
inverted  position  on  a  slide  the  movements  of  the  flagella  of 
the  collar  cells  may  be  watched  with  a  high  power  (Zeiss  2 
mm.).  This  degfree  of  differentiation  is  attained  in  the 
course  of  six  or  seven  days  when  the  preparations  are  kept  io 
laboratory  aquaria  (dishes  in  which  the  water  is  changed 
answer  about  as  well  as  running  aquaria).  Differentiation 
goes  on  more  rapidly  when  the  preparation  is  bung  in  the 
open  harbor  in  a  live-box  (a  slide  preparation  inclosed  in  a 
coarse  wire  cage  is  convenient).  Sponges  reared  in  this  way 
have  been  kept  for  a  couple  of  weeks.  The  currents  of  water 
passing  through  them  are  certainly  active  and  the  sponges 
appear  to  be  healthy.  In  such  a  sponge  spicules  are  present, 
but  some  of  these  have  unquestionably  been  carried  over  from 
the  parent  body  along  with  the  squeezed  out  cells. 

The  old  question  of  individuality  may  receive  a  word  here. 
Microciona  is  one  of  that  large  class  of  monaxonid  sponges 
which  lack  definite  shape  and  in  which  the  number  of  oscula 
is  correlated  simply  with  the  size  of  the  mass.  While  we 
may  look  on  such  a  mass  from  the  phylogenetic  standpoint 
as  a  corm,  we  speak  of  it  as  an  individual.  Tet  it  is  an  indi- 
vidual of  which  with  the  stroke  of  a  knife  we  can  make  two. 
Or  conversely  it  is  an  individual  which  may  be  made  to  fuse 
with  another,  the  two  forming  one.  To  such  a  mass  the  ordi- 
nary idea  of  the  individual  is  not  applicable.  It  is  only  a 
mass  large  or  small  having  the  characteristic  organs  and  tis- 
sues of  the  species  but  in  which  the  shape  of  the  whole  and 
the  number  of  the  organs  are  indefinite.  As  with  the  adult 
so  with  the  lumps  of  regenerative  tissue.  They  have  no  defi- 
□iteness  of  shape  or  size,  and  their  structure  is  only  definite 
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in  so  far  as  the  histological  character  of  the  syncytiaJ  mass  is 
fixed  for  the  species.  A  tiny  lump  may  metamorphose  into 
a  spoagre,  or  may  first  fuse  with  many  such  lumps,  theag^e- 
gate  also  producing  but  a  single  sponge  although  a  larger 
one.  In  a  word  we  are  not  dealing  with  embryonic  bodies  of 
complicated  organization  but  with  a  reproductive  or  regener- 
ative tissue  which  we  may  start  on  its  upward  path  of  differ- 
entiation in  almost  any  desired  quantity.  A  striking  illus- 
tration of  this  nature  of  the  material  is  afforded  by  the  fol- 
lowing experiment.  The  tissue  in  the  shape  of  tiny  lumps 
was  poured  out  in  such  wise  that  it  formed  continuous  sheets 
about  one  millimeter  thick.  Such  sheets  were  then  cut  into 
pieces,  each  about  one  cubic  millimeter.  These  were  hung 
in  bolting  cloth  bags  in  an  outside  live-box.  Some  of  the 
pieces  in  spite  of  such  rough  handling  metamorphosed  into 
functional  sponges. 

Gven  where  the  embryonic  bodies  of  sponges  have  a  fixed 
structure  and  size,  as  in  the  case  of  the  ciliated  larva,  the 
potential  nature  as  displayed  in  later  development,  is  not 
fixed  in  the  matter  of  individuality.  Such  a  t>ody  may  form 
a  single  individual  or  may  fuse  with  some  of  its  fellows  to 
form  a  larger  individual  differing  from  the  one-larva  sponge 
only  in  size.  It  is  then  in  spite  of  its  definiteness  of  shape 
and  size,  essentially  like  a  lump  of  regenerative  tissue  in  that 
whether  it  develops  into  a  whole  sponge  or  a  part  of  a  sponge 
depends  not  oa  its  own  structure  but  on  whether  it  is  given 
a  good  opportunity  of  fusing  with  a  similar  mass.  A  paral- 
lel case  to  the  coalescence  of  larvae  is  afforded  by  the  gem- 
mules  of  fresh  water  sponges.  Mr.  M.  G.  Henriksen  in  a 
manuscript  account  submitted  to  me  a  year  ago,  describes  the 
fusion  of  gemmules  to  form  a  single  sponge. 

In  the  preceding  description  I  have  passed  over  the  question 
as  to  the  precise  nature  of  the  cells  which  combine  to  form 
the  masses  of  regenerative  tissue.  On  this  point  as  on  the 
histological  details  in  general  I  hope  to  have  more  to  say 
later.  Nevertheless  the  phenomena  are  so  simple  that  obser- 
vation of  the  living  tissue  reveals  much,  probably  indeed  all 
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that  is  of  fundamental  importance.  If  a  fairly  dense  drop  of 
the  squeezed  out  tissue  be  mounted  at  once  and  examined  witb 
a  higfb  power  (Zeiss  2  mm.,  comp.  oc.  6),  the  preparation  is 
seen  to  consist  of  fiuid  (sea-water)  with  a  few  spicules  and 
myriads  of  separate  cells.     The  cells  fall  into  three  classes. 

1  The  most  conspicuous  and  abundant  are  spheroidal, 
reddish,  densely  granular,  and  about  S/i  in  diameter.  These 
cells  which  can  be  nothing'  but  the  unspecialized,  amoeboid 
cells  of  the  mesenchyme  (amoebocytes  or  archaeocytes),  put 
out  hyaline  pseudopodia  that  are  sometimes  elong-ated,  more 
often  rounded  and  blunt. 

2  There  is  also  a  great  abundance  of  partially  trans- 
formed collar  cells,  each  consisting  of  an  elong-ated  body  witb 
slender  flagellum.  The  cell  is  without  the  collar,  the  latter 
doubtless  having  been  retracted.  In  the  freshly  prepared  tis- 
sue the  fiagella  are  rtbratile,  the  cells  moving'  about.  Soon 
however  the  flagellum  ceases  to  vibrate. 

3.  The  third  class  is  not  homogeneous.  In  it  I  include 
more  or  less  spheroidal  cells  ranging-  from  the  size  of  the 
granular  cells  down  to  much  smaller  ones.  Many  of  these  are 
completely  hyaline,  whUe  others  consist  of  hyaline  proto- 
plasm containing  one  or  a  few  granules. 

Fusion  of  the  granular  cells  begins,  immediately  and  in  > 
few  minutes  time  most  of  them  have  united  to  form  small 
conglomerate  masses  which  at  the  surface  display  both  blunt 
and  elongated  pseudopodia.  These  masses  soon  begin  to 
incorporate  the  neighboring  collar  and  hyaline  cells.  One 
sees  collar  cells  sticking  fast  by  the  end  of  the  long  flagellum 
to  the  conglomerate  mass.  Other  collar  cells  are  attached  to 
the  mass  by  short  flagella.  Still  again  only  the  body  of  the 
collar  cell  projects  from  the  mass  while  there  is  no  sign  of 
flagellum.  Similarly  spheroidal  hyaline  cells  of  many  sizes 
are  found  in  various  stages  of  fusion  with  the  granular  con- 
glomerate. In  such  a  preparation  the  space  under  the  cover 
glass  is  soon  occupied  by  innumerable  masses  or  balls  of  the 
kind  just  described,  twtween  which  continue  to  lie  abundant 
free  cells,  some  collar  cells,   others  hyaline.    Practically  all 
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the  ^anular  cells  g'o  to  make  up  the  balls.  The  play  of  pseu- 
dopodia  at  the  periphery  of  such  balls,  which  results  in  the 
incorporation  of  free  cells  and  in  the  fusion  of  balls  to  form 
larger  masses,  is  easily  watched.  Along  with  such  a  cover 
glass  preparation  it  is  coovenient  to  have  some  of  the 
squeezed-out  tissue  in  a  watch  glass  of  sea-water.  In  the 
watch  glass  preparation  it  is  instructive  to  watch  with  a  two- 
thirds  or  one-half  objective  the  fusion  of  the  cell  conglomer- 
ates to  form  masses  like  those  strewn  on  covers,  slides,  etc. 

These  observations  on  the  early  steps  in  the  formation  of 
the  masses  of  regenerative  tissue  make  it  plain  that  such 
masses  are  composed  chieSy  of  the  spheroidal,  granular  cells 
(amoebocytes  or  archaeocytes),  but  that  nevertheless  other 
cells,  collar  cells  and  more  or  less  hyaline  cells  also 
enter  into  their  composition.  I  may  recall  the  fact  that  in 
the  formation  of  regenerative  masses  in  a  degenerating 
sponge,'  the  evidence  from  sections,  which  is  the  only  evi- 
dence available  in  the  case,  points  to  the  conclusion  that  the 
collar  cells  help  to  form  the  syncytial  tissue  of  the  masses. 
The  question  of  interest  lying  at  the  heart  of  this  matter  m'ay 
be  so  formulated:  can  particles  of  the  Microciona  protoplasm 
differentiate  into  functional  collar  cells  and,  when  the  occa- 
sion arises,  change  back  into  unspecialized  masses  capable  of 
combining  with  other  masses  of  unspecialized  protoplasm  to 
form  a  regenerative  body?  The  facts  to  which  I  have  just 
alluded  support  this  idea,  and  indicate  that  the  immediate 
problem  is  one  worth  pursuing  farther  as  a  good  case  of  tern-  , 
porary  differentiation  of  protoplasm  in  the  metazoa  analo- 
gous to  the  temporary  specialization  of  the  cell  individual 
which  occurs  in  such  colonial  protazoa  as  Protospongia.' 

As  far  as  the  amoebocytes  are  concerned  it  is  certain  that 
they  have   great  regenerative  power.     Weltner   in   a  recent 


•  Metachnikoff,  Embi7ologLKbe  Studieu  an  Heduaen,  p.  147, 1SS6. 
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paper^  has  emphasized  the  importance  of  these  unspeciaJiied 
cells  in  the  process  of  growth  and  regcoeration.  His  con- 
clusions which  refer  directly  to  fresh  water  spong-es,  are  that 
in  a  growing  sponge,  in  a  sponge  regenerating  new  organs 
after  its  winter  period  of  simplification,  and  in  the  regenera- 
tion of  a  sponge  from  a  cutting,  the  amoebocytes  are  tiie  all- 
powerful  elements  in  that  they  give  rise  to  all  the  new  tissues 
formed.  He  further  alludes  to  tbe  fact  that  such  reprodnc- 
ttve  bodies  as  the  gemmules  of  fresh  water  sponges  and  the 
buds  of  Tetbya  (according  to  Maas)  are  only  groups  of  am<£- 
bocytes;  further  that  the  gemmules  of  Tedania  and  E^perella 
described  by  Wilson  as  developing  into  ciliated  larvae,  and  tbe 
similar  bodies  found  by  Ijima  in  hexactinellids,  are  such 
groups.  I  may  add  that  the  presence  of  such  groups  of 
uospecialized  cells  in  the  hexactinellids  has  recently  bees  con- 
firmed by  the  master  in  sponge-morpholagy,  F.  E.  Schiitu, 
who  recognizes  the  probability  of  their  reproductive  natnn 
and  gives  them  a  new  name,  that  of  sorites.''  It  is  clear  then 
that  in  many  sponges  reproductive  bodies  are  formed  by  the 
association  of  unspecialized  amceboid  cells.  But  there  is 
nothing  in  this  fact  which  precludes  the  possibility  that  the 
groups  of  amoebocytes  are  in  part  recruited  from  transformed 
collar  cells  and  other  tissue  cells,  such  as  pinacocytes  (flat 
cells  of  canal  walls),  that  have  undergone  regressive  differen- 
tiation into  an  unspecialized  amoeboid  condition. 

Cells  analogous  to  the  amoebocytes  of  sponges  are  found 
elsewhere  in  the  metazoa,  e.  g.,  in  the  ascidians.'  It  would 
be  interesting  to  know  what  capacity,  if  any,  for  develop- 
ment they  have,  when  freed  from  the  parent  (bud)  and  col- 
lected together  in  sea-water. 


0  BpongilUden-stndien  V.  Znr  Biologie  von  Ephydatis  fluviatilis  and  dk 
Bedeutung  der  Amcebocjten  fitr  die  Spongilliden.  Archiv  fiir  ?lBtnif&- 
schlchte,  73  Jahrg.,  i  Bd.,  3  Heft,  1907. 

S  Wiasensch.  Ergebo.  d.  Deiitscb.  Tiefsee-Exp.  1898-99.  Hexactinellid*. 
pp.  213-16.    Jena,  1904. 

'Comp.  Hjort's  and  Lefevre'a  papers  on  budding  in  ascidians. 
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II 

I  shall  here  briefly  record  some  experiments  which  gave 
only  negative  results  but  which  under  circumstances  admit- 
ting of  a  wider  choice  of  species,  ought  to  yield  returns  of 
value.  These  experiments  were  based  on  the  assumption 
that  if  the  dissociated  cells  of  a  species  will  recombtne  to  form 
a  regenerative  mass  and  eventually  a  new  sponge,  the  disso- 
ciated ceils  of  two  different  species  may  be  made  to  com- 
bine and  thus  form  a  composite  mass  bearing  potentially  the 
two  sets  of  species^haracteristics.  It  is  clear  that  such  an 
organism  would  be  analogous  to  one  produced  by  an  associa- 
tion of  the  blastomeres  of  the  two  species.  Pending  the  suc- 
cessful carrying  out  of  this  experiment,  it  would  be  idle  to 
discuss  further  the  nature  of  the  hypothetical  dual  organism. 

In  my  own  experiments  three  sponges  were  used:  Micro- 
ciona,  Ltssodendoryx  and  Stylotella.  The  three  are  all  mon- 
actineilids  but  Microciona  is  the  only  one  in  which  the  skele- 
ton includes  any  considerable  amount  of  homy  substance. 
Dissociated  cells  of  Microciona  and  Lissodendoryx  were  mixed, 
and  again  dissociated  cells  of  Microciona  were  mixed  with 
those  of  Stylotella.  In  each  case  the  experiment  was  per- 
formed at  two  different  times,  and  a  considerable  number  of 
admixtures,  in  watch  glasses  and  on  cover  glasses,  was  made. 
The  preparations  were  examined  at  short  intervals  with  the 
microscope.  The  cells  of  these  three  species  are  colored  very 
differently,  and  are  therefore  easily  distinguished,  at  least  as 
sooti  as  fusion  sets  in  and  little  masses  of  cells  begin  to  be 
formed.  In  all  the  experiments  the  cells  and  cell-masses  of  a 
species  combined  and  not  the  cells  of  different  species.  Thus 
in  the  admixture  of  Microciona  and  Lissodendoryx,  Microci- 
ona regenerative  masses  and  Lissodendoryx  regenerative 
masses  were  produced.  Similarly  when  Microciona  and  Styl- 
otella cells  were  mixed,  the  resultant  masses  were  pure,  some 
Microciona,  some  Stylotella.  The  Microciona  masses  in  these 
experiments  were  hardy.  They  continued  to  develop  and  in 
some  preparations  metamorphosed.  The  cell  masses  of  the 
other  two  species  while  they  reached  a  considerable  size  were 
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not  hardy,  most  dying  soon  although  some  began  the  process 
of  metamorphosis. 

These  three  species  are  so  unlike  that  there  was  little 
ground  in  the  begrinntng  for  the  expectation  that  coalescence 
would  take  place.  Possibly  as  in  the  cases  where  fusion  of 
^eg  and  sperm  of  different  species  is  induced  through  some 
alteration  in  the  physiological  state  of  protoplasm,  so  the 
generative  cells  and  cell  masses  of  different  species  may  be 
made  to  combine  under  abnormal  conditions.  The  more 
promising  task  is  however  to  find  allied  species  and  subspe- 
cies, the  regenerative  tissue  of  which  will  combine  under  nat- 
ural conditions.  Such  forms,  I  take  it,  should  be  sougbt 
among  the  horny  sponges  and  the  tnonactinellids  with  abun- 
dant horny  matter. 

Ill 

The  tendency  to  fuse  so  vigorously  displayed  by  the  cells 
and  cell  masses  of  regenerative  tissue  led  me  to  examine  into 
the  power  that  larvae  have  to  fuse  with  one  another  and  the 
capacity  for  development  in  the  resultant  mass.  Delage  and 
others  have  remarked  on  the  not  infrequent  occurrence 
of  fusion  between  sponge  tarvse.  Delage'  says  that  he  has 
often  observed  two  or  several  tarvse  unite  to  form  a  single 
sponge  "which  has  from  the  start  several  cloacas." 

I  find  that  this  power  to  fuse  displayed  by  the  larvs  is  one 
that  is  easy  to  control.  Fusion  between  the  larvae  will  read- 
ily take  place  if  they  are  brought  in  contact  at  the  critical 
time  when  the  ciliated  epithelium  is  being  replaced  by  the 
permanent  flat  epithelium.  At  this  time  they  will  fuse  in 
twos  or  threes  or  in  larger  number  up  to  and  over  one  hun- 
dred. The  smaller  composite  masses  composed  of  as  many 
as  five  or  six  larvae  metamorphose  into  sponges.  The  larger 
masses  composed  of  many  larvae  did  not  metamorphose  in  my 
experiments  but  experience  with  the  regenerative  tissue  sug- 
gests that  such  masses  would  metamorphose  if  certain 
mechanical  difficulties  due  to  the  great  size  of  the   mass  were 

s  Embryong^uie  dee  Epongee.    Arch,  de  Zool.  Exp.  et  G^.,  p.  400,  IftOZ. 
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removed.  Possibly  this  might  be  accomplished  b;  cutting  a 
flattened  sheet  composed  of  some  hundred  larvs  (such  as  I 
have  produced)  into  pieces  and  inducing  the  pieces  to  meta- 
morphose separately. 

I  may  now  describe  some  of  the  details  in  this  process  of 
larva-fusion.  In  a  species  of  Lissodendoryx  used  the  larva  is 
of  the  following  character.  It  has  the  usual  ovoidal  shape 
with  a  protuberant  non-ciliated  pole.  The  anterior  pole  is 
somewhat  truncated  and  is  sparsely  ciliated.  The  rest  of  the 
body  bears  the  usual  thick  covering  of  cilia.  As  seen  with 
reflected  light  the  bulk  of  the  body  is  dead  white,  the  poster- 
ior pole  deep  blue,  and  the  anterior  pole  bluish.  This  color- 
ation is  not  absolutely  fixed  for  the  species,  but  the  larvae  used 
in  my  coalescence  experiments  were  all  of  this  character. 
Within  twenty-four  hours  after  liberation  the  ciliated  larvs 
are  creeping  (remaining  in  contact  with  the  bottom  as  they 
swim)  over  the  bottom  of  the  dish.  Some  are  now  put  in 
deep  round  watch  glasses  and  with  pipette  and  needle  coaxed 
together  into  a  clump.  Fusion  soon  begins  and  on  the  next 
day  plenty  of  composite  larvae  are  present.  The  larvae  fuse 
endwise,  for  the  most  part  in  pairs.  The  compound  larva  so 
produced  owing  to  its  weight  has  a  very  feeble  locomotory 
power.  Using  pairs  that  are  nearly  motionless,  larvae  may 
be  brought  together  (coaxed  with  needle)  and  arranged  in  a 
desired  position  on  a  cover  glass  for  instance.  In  successful 
cases  fusion  results  before  the  separate  masses  move  apart. 
In  this  way,  selecting  an  instance,  I  have  added  to  one  arm 
of  a  quadruple  mass  a  pair  of  larvae,  and  to  the  opposite  arm 
two  pairs. 

For  the  purpose  of  bringing  about  the  fusion  of  many  lar- 
vae the  following  simple  method  is  convenient.  Suppose 
that  we  have  the  larvae  in  a  paraf&ne-coated  dish,  and  they 
are  in  a  late  "creeping"  stage.  Small  excavations,  2-3  mm. 
deep  and  4-5  mm.  wide,  are  now  made  in  the  paraffine,  and 
with  the  pipette  the  larva;  are  driven  into  the  holes.  They 
lie  here  in  numbers  up  to  and  over  one  hundred,  crowded 
together  and  heaped  upon  one  another.     Fusion   begins  sooo 


idbyGoOglC 


172  Journal  of  the  Mitchell  Socibty        {I>ecemA€r 

and  the  larvae  are  g^'adually  converted  into  a  flattened  cake. 
The  larger  cakes  thus  made  measured  four  bj  three  millime- 
ters. The  bod;  of  such  a  cake  is  a  continuous  flattened  mass 
in  which  there  is  no  indication  of  the  component  larvae,  but 
the  rounded  ends  of  the  larvae  that  have  last  fused  with  the 
genera]  mass  remain  for  a  time  distinguishable.  Owing  to 
their  blue  coloration  the  ends  of  the  larvce  may  be  recognized 
in  these  and  the  other  compound  masses  even  after  theoattine 
of  the  larva  has  been  completely  lost. 

As  already  stated  the  smaller  compound  masses  metamor- 
phose without  difficulty.  The  coalesced  larvse  may  be  made 
to  attach  to  cover  glasses,  slides,  etc.  Larger  masses  com- 
posed of  alx)ut  twenty  larvie  underwent  a  partial  metamor- 
phosis. Such  masses  were  laid  upon  bolting  cloth  to  which 
they  readily  attached.  The  larges  masses  were  hung  in 
small  bolting  cloth  bags  in  a  live  box.  Whether  owing  to 
bad  handling  or  more  probably  to  some  inherent  difficulty, 
they  did  not  metamorphose  but  soon  died. 

The  ease  with  which  larvae  of  the  same  species  may  be 
made  to  fuse  together  suggests  that  larvae  of  different  species 
might  likewise  be  induced  to  coalesce.  Some  experiments 
along  this  line  could  not  fail  to  be  of  interest. 

IV 

In  the  tendency  to  fuse  with  the  production  of  a  Plasmo- 
dium, the  dissociated  cells  of  sponges  resemble  the  amoebo- 
cytes  (amoebulce)  of  'the  mycetozoa  and  Protomyxa.  The 
regenerative  power  of  the  Plasmodium  has  an  interest  tx)th 
theoretical  and  economic  in  itself.  But  it  is  the  tendency  to 
fuse  displayed  by  the  cells  that  have  been  forcibly  broken 
apart,  which  constitutes  the  fact  of  most  general  physiolog- 
ical importance.  Discarding  for  the  moment  the  word  "cell" 
and  speaking  of  the  protoplasm  of  a  species  as  a  specific  sub- 
stance, the  phenomena  may  be  restated  to  advantage  in  the 
following  way. 

A  mass  of  sponge  protoplasm  in  the  unspecialized  state 
typically  exhibits  pseudopodial  activities  at   the  surface.     In 
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lieu  of  more  precise  knowte%e  it  is  useful  to  regard  the  pseu- 
dopodia  as  structures  vhich  explore  and  learn  about  the  envi- 
ronment. On  coming  in  contact  two  masses  of  the  same  spe- 
cific protoplasm  tend  to  fuse.  This  tendency  is  probably  use- 
ful (i.  e.,  adaptive)  in  that  the  additional  safety  (from  ene- 
mies and  '-accidents")  accruing  from  increase  in  size  of  the 
mass  more  than  compensates  for  the  reduction  in  number  of 
the  individual  masses  that  start  to  grow  (rearing  of  sponges 
shows  that  masses  of  good  size  frequently  withstand  condi- 
tions that  effectually  wipe  out  the  very  small  masses.)  Unlike 
specific  substances  (protofriasms  of  quite  different  species)  do 
not  tend  to  fuse. 

To  the  many  biologists  who  have  found  ideas  and  observa- 
tions of  deep  interest  in  the  papers  on  protoplasmic  activities 
by  Professor  and  Mrs.  £.  A.  Andrews  (6.  F.  Andrews),  the 
statement  just  made  will  have  a  familiar  sound.  Mrs. 
Andrews  in  her  essay  on  The  Living  Substance  as  Such  and 
as  Organism'  and  her  paper  on  The  Spinning  Activities  of 
Protoplasm*"  makes,  it  would  appear  from  subsequent  confir- 
mations, a  definite  advance  in  our  knowledge  of  the  intimate 
structure  of  protoplasm.  But  it  is  her  generalizations,  based 
on  singularly  acute  observations,  with  respect  to  the  behavior 
of  protoplasm,  that  have  especially  infiuettced  my  own  work. 
The  particular  generalizations  referred  to  may  be  so  formu- 
lated: 

1  Protoplasm  tends  to  produce  a  viscous,  pelticnlar  layer 
with  formation  of  pseudopodial  outgrowths  over  the  surface, 
whether  external  or  internal  to  the  mass,  which  establishes 
contact  with  the  environmental  medium. 

2  Pseudopodia  from  adjacent  masses  of  the  same  specific 
substance  tend  to  fuse.  Thus  actual  connections  which  can 
be  made  and  remade,  and  along  which  transference  of  sub- 
stance takes  place,  are  established  between  the  masses. 

That  these  phenomena  are  observable  in  widely  separated 
groups  of  metazoa  has  been  also  shown  by  Professor  Andrews 

CSnppl.  to  Joura.  Morphology,  vol.  zii,  no.  2,  1897. 
lojonm.  Morphology,  1897. 
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in  a  aeries  of  brief  studies  marked  with  his  well  known  skill 
and  accuracy  of  observation  and  statement.  I  fully  agree 
with  him  as  to  the  great  importance  of  the  facts. 

The  general  point  of  view  entertained  by  Mrs.  Andrews  in 
her  much  discussed  essay  is  perhaps  not  everywhere  clear  to 
me.  It  19  manifest  however  that  she  consistently  subordi- 
nates the  idea  of  the  individual,  whether  entire  organism  or 
cell,  to  that  of  the  specific  substance  of  which  it  is  but  a  more 
or  less  detached  piece.  As  far  as  the  cell  is  concerned  this 
point  of  view  seems  to  be  essentially  that  of  Sachs  and  Whit- 
man. Mrs.  Andrews  extends  it  to  the  whole  organism,  and  I 
may  say  that  this  way  of  looking  at  an  animal  or  plant  (or 
piece  of  the  same)  is  io  my  opinion  a  habit  of  mind  that  will 
justify  itself  and  indeed  is  doing  so  today,  in  that  it  leads  to 
discoveries  concerning  the  nature  of  protoplasms  as  revealed 
by  what  they  can  do. 

I'Divt'Ddlj  of  North  Carolina, 

Chapul  Hill,  N.  C. 

IVtolHT  2M,  1807. 
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PISHES  OF  NORTH  CAROLINA;  A  REVIEW 


BY  J08BPH  HYDB  PRATT 


There  has  jnst  been  issued  by  tbe  North  Carolina  Geolog- 
ical  and  Economic  Survey  Volume  II  on  The  Fishes  of  North 
Carolina.  This  volume  has  been  prepared  for  the  Survey  by 
Dr.  H.  M.  Smith,  Deputy  U.  S.  Commissioner  of  Fisheries. 
The  object  of  this  publication  is  to  give  to  the  people  of 
North  Carolina  and  to  others  a  more  accurate  knowledge  of 
the  abundance,  distribution,  habits,  migrations,  spawning, 
food  value,  etc.,  of  the  fishes  in  the  belief  that  such  knowl- 
edge will  lead  to  a  fuller  realization  of  the  economic  import- 
ance of  the  fishery  resources  to  the  State.  For  this  reason, 
it  has  been  the  special  aim  to  make  the  report  useful  to  all 
the  fishing  interests  of  tbe  State.  No  essential  technical 
considerations  have  been  slighted  but  the  scientific  treatment 
has  been  adapted  to  tbe  needs  of  fishermen  and  others  who 
have  had  no  opportunity  to  study  ichthyology.  It  is  most 
desirable  that  there  be  created  a  deeper  interest  in  the  wel- 
fare of  both  fishes  and  fishermen  and  a  better  understanding 
of  the  conditions  and  needs  of  the  fishing  industry  with  a 
view  of  placing  this  important  branch  on  a  permanent  basis 
and  making  it  yield  an  increasing  revenue  to  both  State  and 
people.  This  volume  will  also  be  of  interest  to  the  layman 
and  perhaps  of  special  interest  to  the  angler,  as  he  will  be 
able  to  make  use  of  the  work  in  the  identification  of  species. 
As  the  scientific  aspects  of  the  subject  have  not  been  neg- 
lected, the  work  will  also  be  found  to  have  a  value  to  tcthy- 
ologists  and  zoologists  in  general. 

ISffT]  175 
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As  a  means  of  identifying  an;  fish  that  may  be  taken  in 
any  waters  of  the  State,  artificial  keys  have  been  prepared 
based  on  the  external  characters  that  commercial  fishermen 
and  anglers  may  readily  appreciate  and,  further,  there  is  a 
copious  index  of  common  names  which  gives  a  further  clue  to 
all  the  species  whose  size  makes  them  objects  of  capture. 

As  Dr.  Smith  states:  "Although  the  fish  life  of  North 
Carolina  is  not  of  a  new  or  distinctive  type  and  bears  a 
rather  close  resemblance  to  that  of  the  adjoining  States,  it 
does  nevertheless  have  some  features  of  exceptional  interest." 

On  account  of  the  great  variation  in  the  topography  of  the 
State,  the  number,  length  and  volume  of  the  rivers  and 
streams,  the  large,  shallow  sounds  which  fringe  the  coast, 
the  long  coast-line,  and  the  wide  variation  in  climatic  con- 
ditions, there  has  been  developed  in  North  Carolina  a  fish 
fauna  rich  in  both  species  and  individuals.  Some  of  the 
species  found  in  North  Carolina  are  peculiar  to  this  State, 
while  others  which  were  first  identified  in  this  State,  have 
later  been  found  elsewhere.  Other  species  exist  in  much 
greater  greater  abundance  in  this  State  than  in  others. 

Among  the  more  prominent  features  of  the  fish  fauna  in 
North  Carolina,  Dr.  Smith  mentions  the  following: 

"(a)  The  abundance  of  certain  anadromous  fishes,  whose 
numbers  are  scarcely  surpassed  in  any  other  waters,  the  chief 
of  these  being  the  shad,  the  alewives,  and  the  striped  bass. 

"(b)  The  variety  and  abundance  of  suckers,  minnows,  and 
sun-fishes  in  the  fresh  waters  generally,  and  of  darters  in  the 
headwaters  of  the  streams  on  both  sides  of  the  Alleghanies. 

"(c)  The  occurence  in  the  sounds  and  along  the  outer 
shores  of  immense  schools  of  mullet,  squeteague,  menhaden, 
blue-fish,  croaker,  spot,  pig-fish,  pin-fish  and  other  food 
fishes. 

"(d)  The  extension  to  the  North  Carolina  coast  of  many 
species  which  are  characteristic  of  the  West  Indies  or 
Florida. 

"(e)  A  few  species  of  the  Atlantic  coast  reach  their  south- 
ern limit  in  North  Carolina  (such  as  the  cod  and    tautog)  or 
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do  not  occur  in  noteworthy  numbers  further  south  (such  as 
the  white  perch  and  striped  bass)." 

There  have  thus  far-  been  described  from  North  Carotina 
waters  345  different  species  of  fish;  one  species  of  laacelet; 
and  one  of  lamprey.  This  number  includes  several  species 
that  have  been  introduced  into  the  waters  of  North  Carolina 
but  which  have  become  more  or  less  established.  Of  these, 
209  are  marine  or  brackish  water  species;  125  are  fresh  water 
species;  and  11  are  anadromous  or  catadromous  species. 

Of  this  number,  29  species  of  fish  were  first  described  from 
North  Carolina  waters,  of  which  18  have  as  yet  been  found 
in  no  other  State.  These  species  are  given  in  the  following 
table  together  with  the  name  of  the  species  as  described  in 
the  volume,  name  under  which  it  was  first  described,  the 
common  name,  type,  locality,  and  the  person  by  whom  named 
and  the  date  when  the  species  was  established.  Those 
species  marked  by  an  asterisk  have  not  been  found  as  yet  in 
any  other  State. 

Under  the  heading  of  Systematic  Catalogue  of  North  Car- 
olina fishes  there  is  given  a  full  list  of  all  the  species  of 
fishes  known  to  inhabit  the  fresh  or  salt  waters  of  North  Car- 
olina and  under  each  species  there  is  given  its  technical  name 
and  original  describer,  its  popular  names,  a  brief  synonomy, 
a  diagnostic  description  and  then  a  general  account  of  their 
distribution,  abundance,  size,  habits,  food  value,  economic 
importance,  etc.,  which  have  special  reference  to  North  Car- 
olina. As  an  aid  to  the  diagnostic  description,  a  figure  is 
given  which  shows  the  parts  referred  to  and  the  names  which 
designate  them  (Fig.  1) 

Of  the  three  great  classes  into  which  fishes  and  fish-like 
animals  are  divided,  only  the  third  is  important  in  connection 
with  the  fishes  of  North  Carolina,  as  the  first  two  classes 
contain  only  one  representative  each.  These  classes  are  as 
follows: 


idbyGoOgle 


178  Journal  of  the  Mitcheli.  SociBTy        [Decanber 

KBV  TO  THB  CI^SSBS  OP  PISHBS  AND  PISH-LIKB  ANIMALS 

('.  Animals  with  cartilaginous  skeleton  and  without  brain 
or  skull;  fins  rudimentary  and  only  on  median  line  of  bodj; 
mouth  a  slit  surrounded  by  bristles;  heart  a  tubular  vessel 
without  separate  chambers;  blood  colorless;  gfillslits 
numerous,  the  respiratory  cavity  opening  into  the  abdomen; 
inspired  water  discharged  through  a  special  at>dominal  pore. 
LBPTOCASDn  (lancelets) . 

(V.  Animals  with  cartilaginous  or  bony  skeleton;  skull  and 
brain  present;  heart  developed  as  a  cavity  with  at  least  two 
chambers;  blood  red. 

a.  Eel-shaped;  skeleton  cartilaginous;  skull  imperfect; 
mouth  circular,  suctorial;  no  jaws  or  paired  fins;  a 
single  median  nostril;  gills  pouch-shaped  and  numerous; 
skin  naked;  alimentary  canal  straight,  without  c«eca; 
pancreas  and  spleen  ateent. 

Maksipobkanchii  (lampreys,  etc) 

aa.  Skull  well-developed;  jaws  distinct;  fins  usually 
highly-developed,  some  of  them  paired;  skin  usually 
scaly;  nostrils  at  least  two,  not  median;  gill-openings  a 
single  slit  on  each  side  in  most  fishes  (numerous  in  a 
few  families);  alimentary  canal  more  or  less  convoluted; 
pancreas   and   spleen   present. 

PiscBS  (fishes). 

Of  the  third  class,  Pisces,  the  North  Carolina  representa- 
tives fall  into  two  easily  recognized  groups  or  sub-classes: 
(1)  the  Shark,  Skates  and  Rays  and  (2)  the  True  Fishes, 
which  are  distinguished  anatomically  as  follows: 

1.  Skeleton  cartilaginous;  skull  without  sutures  and  with- 
out membranous  bones;  gill  openings  numerous  (5  to  7)  and 
slit  like,  the  gills  attached  to  the  skin;  tail  heterocercal;  skin 
tough,  naked  or  covered  with  small  rough  scales,  spines,  or 
tubercles;  air-bladder  absent;  jaws  separable  from  sknil; 
species  viviparous  or  ovoviviparous,  the  eggs  large  and  few 
in  number;  embryo  with  deciduous  external  gills. 

Sblachii  or  Blashobsanchii  (sharks,  skates,  rays,  etc.) 
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it.  Skeleton  bony  in  all  but  a  few  families;  skull  with 
sutures  and  membranous  bones  (opercula,  etc.);  gill-openings 
a  single  slit  on  each  side,  the  giUs  attached  to  bony  arches; 
tail  heterocercal  or  homocercal;  body  usually  covered  witli 
numerous  flat  scales;  air-bladder  present  or  absent;  jaws  not 
distinct  from  tbe  skull;  species  oviparous  (exceptionally  vivi- 
parous), the  ova  small  and  numerous. 

Tbijbostomi  (true  fishes). 

In  the  first  class  are  included  9  species  of  shark  and  11 
species  of  rays.  In  the  second  class  (true  fishes)  there  are 
325  species.  Tbe  12  largest  families  included  in  these  are  as 
follows: 

Cat-fishes 12  species  in   4  genera. 

Suckers 18  „  „    f 

Minnows 36  „  „    ' 

KUli-fishes 9  .,  „    ; 

Mackerels 8  „  „     ( 

Carangids 17  ,.  ..    ( 

Sun-fishes 17  „  ,.  1( 

Perches 24  „  „  i: 

Sea  basses 11  „  ,(    ' 

Sparids 7  ,.  „    t 

Drums 14  ..  ..  1( 

Flounders 11  „  ..    ; 

The  fisheries  of  North  Carolina  are  of  considerable  econ- 
omic importance  to  the  State,  approximating  in  value 
$2,000,000  per  year,  the  catch  being  utilized  largely  for  food 
purposes.  Of  the  347  species  listed,  there  are  about  90  that 
are  of  present  commercial  value,  most  of  which  are  used  for 
food.  In  the  fotlowiDg  table  there  is  given  a  list  of  those 
that  are  used  for  this  purpose.  In  this  table  there  is  given 
the  common  as  well  as  the  scientific  name. 
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FISHSS  USBD  POK  POOD  IN  NORTH  CAROLINA. 

Sturgeon  {Acipenser  oxyrhynckus). 

Suckers  (Family  Catostomidae.     North  Caroliaa  has  more 

species  of  suckers  than  any  other  State;  8  species  used 

as  food). 
Red  Horse  (Moxostoma  Crasstlabre) . 
Choly;  shiner  {Hybognathus  Nuckalis). 
Horned  dace  (Semalilus  Atromaculatus). 
Roach;  shiner  (Noiemigonus  Crysoleucas). 
Carp  {Cyprinus  Carpio).' 
E^l,  fresh-water  eel  {Anguilla  Cknsypa). 
Sea  Herring  (Clupda  Harengus  Linnaeus). 
Hickory  Shad  {Pomolodas  Mediocns). 
Branch  Herring-,  Alewife  {Pomolobus  Pseudoharengus). 
Glut  Herring,  Shoal  Herring  {Pomolobus  Aestivalis). 
Shad  {Alosa  Sapidissttna) . 
Menhaden  (Brevoortia  Tyrannus). 
Brook  Trout;  Mountain  Trout  {Salvelinus  fiontinalis). 
Rainbow  Trout;  California  Trout  {Salmo  Irideus). 
Pike;  Pickerel  {Esox  Americanus  and  Esox  Reticulaius). 
Mullets  (Mugil  Cephalus  and  Mugil  Curetnd). 
Bonito  {Sarda  Sarda)  variety  of  mackerel. 
Spanish  Mackerel  {Scomberomorus  Maculatus). 
Cero  {Scomberomorus  Regalis  and  Cavalla). 
Sword-fish  {Xiphias  Gladius). 
Pompano;  Sun-fish  {Trackinotus  Carolinus). 
Blue-fish  {Pomalomus  Saltatrix). 
Cabio;  Crab-eater  {Rachycentron  Canadus). 
Star,  Harvest-fish  (Peprilus  Aleptdotus). 
Butter-fish  {Poronoiua   Tricanthus). 
Calico  Bass;  Speckled  Perch  {Pomoxis  Sparoides). 
Flier  (Centrarcus  Macroplerus). 
Rock  Bass  (^AmbloplHes  Rupeslris). 
Goggle-eyes;  Warmouth  (Ckaenobryitus  Gulosus), 
Long-eared  Sun-fish;  Red-belly;  Robin  (Lepomis  Auritus). 
Blud  Joe;  Blue-gills;  Blue  Sun-fish  (,Ltpomis  Inciser). 
Holbrook's  Sun-fish  {_Lepomis  SplhroQit). 
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Sand  Perch;  Pumpkin-seed  (Lepomts  Gibbrosus). 

Black  Bass;  small  mouthed  {Micropterus  Dolomien). 

Black  Bass,  large  mouthed  {Micropterus  Salmoides). 

Pike  Perch;  Wall-eyed  Pike  {SlUostedion  Vitreum). 

Yellow  Perch;  Red-fin  (Pgrca  flavescens). 

Striped  Bass;  Rock-Gsh  {Roccus  Liiteatus). 

White  Perch  {Marone  Americana). 

Black-fish;  Sea  Bass  {Centroprisles  Striatus). 

Pig-fish;  Hog-fish  {Orikopristis  ChrysopUrui). 

Snapper;  Grunt  (^^Mtt/oM  Piumien). 

Scup;  Pin-fish  {SUnotomus  Chrysops). 

Sailsois  choice;  Robtn  {Lagodon  Rhomboides). 

Sheepshead  {Archosargvs  Prabat^cephalus) . 

Squeteagne;  Weak-fish;  Sea  Troat  {Cynoscion  Regaiis). 

Spotted  Squeteague;  spotted  Weak-fish  {Cynoscion  JVeduU- 

sus). 
Yellow  Tail;  Sand  Perch;  Perch  {Bairdiella  CArysura.) 
Spot  (Leioslomus  Xanthurus). 
Croaker  {Micropogon  Undulatus). 
Red  Drum;  Red-fish  {Sciaenops  Ocellatus). 
King-fish;   Sea   Mullet;   Carolina    Whiting   {Menlicirrkmi 

Americanus). 
Sea  Mullet;  King-fish  {Mentidrrhus  Saxatilis). 
Surf  Whiting  (Meniicirrkus  LtUoralis). 
Black  Drum  {Pogonias  Cromis). 
Oyster-fish;  Tautog  {Tautoga  Onitis). 
Porgee,  Spade-fish  (  Chaetodipterus  Paber) . 
Cod  {Gadus  Callarias). 
Flounder;  Summer  Flounder;    Plaice    (.Paralichthys  DevUt- 

ius). 
Flounder,  Southern,  (Paralichtkys  I^ethostigmus). 
Flounder  (Paraltchthys  Albiguttus). 


All  the  fishes  mentioned  in  this  list  are  found  to  a  greater 
or  less  extent  in  the  markets,  but  only  a  few  of  them  are  of 
any  large  economic  value  to  the  State,  Of  the  migratory 
fishes,  the  most  conspicuous  and  the  ones  of  most   value    are 


idbyGoOglC 


igo/i  Pishes  op  North  Cabolika  183 

the  sbad,  alewives,  hickory  shad,  striped  bass,  white  perch, 
eel  and  sturgeon.  Of  the  salt  water  fishes  would  be  included 
the  mullets,  squeteagues,  Spanish  mackerel,  croaker,  spot 
and  menhaden.  The  principal  fresh  water  fish  is  the  large- 
mouthed  black  bass.  The  spotted  squeteague,  pig  fish,  hick- 
ory shad  and  black  bass  are  taken  in  larger  quantities  in 
North  Carolina  than  in  any  other  State. 

On  account,  however,  of  over-fishing  and  non-enforcement 
of  present  laws  relating  to  the  fisheries,  the  industries  are 
deteriorating  and  in  some  instances  quite  rapidly.  Unless 
the  State  will  provide  prompt  and  adequate  protection  to  the 
shad,  alewives,  striped  bass  and  other  species  which  are  be- 
ginning to  show  a  decrease  in  abundance,  tbey  will  soon 
share  the  same  fate  as  the  sturgeon. 

There  is  no  reason  why  the  fisheries  of  North  Carolina 
should  not  be  maintained  for  an  indefinite  period  and  even 
be  very  greatly  improved;  and  to  this  end  the  session  of  the 
Legislature  of  1907  created  a  Fsh  Commission,  but  with  very 
limited  powers.  It  is  to  be  hoped  that  at  the  session  of  1909 
the  powers  of  the  Fish  Commission  will  be  increased  so  that 
it  will  be  in  a  position  to  prevent  the  causes  of  decline  in 
these  industries  and  be  able  to  utilize  all  resources  for  build- 
ing up  and  increasing  the  abundance  of  fish. 

The  Geological  and  Economic  Survey,  in  cooperation  with 
the  United  States  Bureau  of  Fisheries,  has  carried  on  certain 
lines  of  work  in  regard  to  the  protection  and  reproduction  of 
the  fishes  of  North  Carolina,  conducted  through  the  Biolog- 
ical Laboratory  at  Beaufort,  the  hatchery  at  Qdenton  and 
the  temporary  hatching  stations  near  Weldoo.  A  numt>er  of 
fish  have  been  introduced  into  the  waters  of  North  Carolina, 
some  of  which  have  become  widely  distributed  and  firmly 
established,  such  as  the  rainbow  or  California  trout  and  the 
carp. 

Large  numbers  of  native  fishes  from  outside  hatcheries 
have  been  planted  in  the  State,  among  these  being  the  brook 
trout,  large-mouthed  and  small-moutfaed  black  basses,  various 
snn-fishes,  and  several  kinds  of  cat  fishes. 
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Van  Nostraad's  Chemical  Annual,  1907.  First  Year  of 
Issue.  Edited  by  John  C.  Olsen,  A.  M.,  Ph.  D.  New  York, 
D.  Van  Nostrand  Co.  x  -  496  pp.  The  "Chemiker  Kalendar" 
has  long  been  a  most  useful  publication  but  American  chem- 
ists have  desired  a  similar  publication  is  English.  In  the 
new  Annual  Professor  Olsen  has  improved  upon  the  G«rman 
model  and  produced  an  extremely  satisfactory  reference 
work.  It  consists  exclusively  of  tables  of  physical  and  chem- 
ical data  and  lists  of  pnblications.  The  physical  constants 
of  inorganic  and  organic  compounds  are  given  in  two  tables, 
comprising  nearly  one  half  of  the  book.  It  is  a  pleasure  to 
find  frequently  definite  values  for  solubilities.  The  "Keview 
of  Chemical  Literature"  consists  of  a  classified  list  of  the 
more  important  articles  published  in  the  Journals  and  also  a 
classified  list  of  books,'  the  time  covered  being  from  Jan.  1, 
1905  to  June  1,  1906.  It  is  cause  for  congratulation  that 
Professor  Olsen  undertook  the  editorship  of  a  book  which  is 
ao  indespensible  to  the  chemist.  The  execution  of  the  mech- 
anical part  is  excellent.     A.  S.  W. 


Solubilities  of  Inorganic  and  Organic  Substances.  A 
hand-book  of  the  most  reliable  quantitative  solubility  deter- 
minations. Recalculated  and  complied  by  Atherton  Seidell. 
8vo  X  -  367  pp.  D.  Van  Nostrand  Company.  New  York, 
1907.  The  only  dictionary  of  chemical  solubilities  has  been 
Comey's  which  was  published  in  1894.  Although  it  is  a  book 
of  great  value  there  are  several  defects  which  detract  from  its 
usefulness.  It  contains  no  organic  substances  but  we  find 
instead  a  great  variety  of  rare  inorganic  double  salts.  Too 
many  unreliable  determinations  are  incorporated  and  the 
arrangement  is  not  consistent  throughout  so  that   it  is  fre- 
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quentl;  troublesome  to  locate  a  compound.  Seidell  has  intn^ 
duced  a  larg^e  number  of  important  org^anic  substances,  the 
selection  of  inorganic  compounds  is  more  satisfactory,  the 
arrang:emeut  is  logical  throughout,  and  the  determinations 
are  more  reliable.  Greater  reliability  was  arrived  at  with 
much  labor  by  recalculating  the  various  determiaations  to  a 
common  basis  and  drawing  curves  through  the  points  plot- 
ted. Selections  were  then  made  after  comparing  the  curves 
and  studying  the  methods  of  determination.  An  index  adds 
to  the  value  of  the  book.  Every  chemist  should  have  access 
to  this  thoroughly  satisfactory  dictionary,  in  fact  it  should 
be  in  every  working  scientific  library.     A.  S.  W. 
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